A Study of Diversity of the Indonesian Terong by Kurniawan, H.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
The following full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/207483
 
 
 
Please be advised that this information was generated on 2020-01-01 and may be subject to
change.
 

A Study of Diversity of the Indonesian Terong 
Hakim Kurniawan 
Printed by: Ipskamp Printing 
This research was part of the INDOSOL project supported by the SPIN programme of The 
Royal Netherlands Academy of Arts and Sciences (KNAW). 
A Study of Diversity of the Indonesian Terong 
Proefschrift 
ter verkrijging van de graad van doctor 
aan de Radboud Universiteit Nijmegen 
op gezag van de rector magnificus prof. dr. J.H.J.M. van Krieken, 
volgens besluit van het college van decanen 
in het openbaar te verdedigen op dinsdag 1 oktober 2019 
om  14.30 uur precies 
door 
Hakim Kurniawan 
geboren op 11 november 1969 
te Yogyakarta, Indonesië 
Promotor: 
Prof. dr. C. Mariani 
Copromotoren: 
Dr. R.G. van den Berg (Wageningen University & Research) 
Dr. Asadi (ICABIOGRAD-IAARD, Indonesië) 
Manuscriptcommissie: 
Prof. dr. N.M. van Dam 
Prof. dr. R.G.F. Visser (Wageningen University & Research) 
Dr. M.C. Daunay (INRA, Montfavet, Frankrijk) 
A Study of Diversity of the Indonesian Terong 
Doctoral Thesis 
to obtain the degree of doctor 
from Radboud University Nijmegen 
on the authority of the Rector Magnificus prof. dr. J.H.J.M. van Krieken, 
according to the decision of the Council of Deans 
to be defended in public on Tuesday, October 1, 2019 
at 14.30 hours 
by 
Hakim Kurniawan 
born on November 11, 1969 
in Yogyakarta, Indonesia 
Supervisor: 
Prof. dr. C. Mariani 
Co-supervisors: 
Dr. R.G. van den Berg (Wageningen University & Research) 
Dr. Asadi (ICABIOGRAD-IAARD, Indonesia) 
Doctoral Thesis Committee: 
Prof. dr. N.M. van Dam 
Prof. dr. R.G.F. Visser (Wageningen University & Research) 
Dr. M.C. Daunay (INRA, Montfavet, France) 
Content

Content Page
Chapter 1 13-34
General introduction
Chapter 2 39-95
Collection and ethnobotanical study of Solanum species of the  
subgenus Leptostemonum in Indonesia 
Chapter 3 99-128
Morphological diversity of Indonesian eggplants and other  
species of the subgenus Leptostemonum
Chapter 4 133-150
Diversity of Indonesian terong as revealed by AFLP  
(Amplified Fragment Length Polymorphism) markers 
Chapter 5 155-167
AFLP diversity of Leptostemonum species collected in Indonesia 
Chapter 6 171-181
General discussion 
References 185-197
Summary / Samenvatting / Ringkasan 201-205
Acknowledgement 209
Curriculum vitae 213

Chapter 1
General introduction

General introduction 
13
Nightshades 
The Nightshade family is a medium sized and commercially important family of 
flowering plants belonging to the Asterids (PBI, 2018). Members of the Solanaceae have a 
world-wide distribution. They originated in South America, but most of the species can be 
found in tropical, subtropical and temperate areas, such as Central America, Mexico, Asia 
Australia and Africa (D’Arcy, 1991). Solanaceae are adapted to a wide range of habitats 
and show a high diversity in their morphology, particularly regarding flower and fruit 
characteristics. Species can be annual, short living annual, bi-annual or perennial in their 
life form. Different growth habits occur like herbs, vines, lianas, epiphytes shrubs and even 
small trees (PBI, 2018). 
The Solanaceae comprise about 90 genera with 3000-4000 species (PBI, 2018). 
Among the best characterized genera, some such as Solanum, Capsicum, Physalis, Petunia 
and Nicotiana, include important commercial crop species used as a source of food, 
medicinal drugs and ornamental. 
With about 1000-2000 species, the genus Solanum is by far the largest genus in the 
family. Hunziker (1979) recognized 7 subgenera: Solanum, Potatoe (e.g. tuber bearing 
species), Lyciosolanum, Bassovia, Archaeosolanum, Brevantherum and Leptostemonum. A 
more advanced approach using comparison of the ndhF chloroplast gene sequences divides 
the genus into 12 major well supported clades (Bohs, 2005). The “spiny solanums” clade is 
the largest and corresponds with the subgenus Leptostemonum (Vorontsova and Knapp, 
2016). 
Species of the subgenus Leptostemonum occur worldwide in a wide range of 
habitats and are highly diverse in their growth habit and morphology (Whalen, 1984). They 
are characterized by stellate trichomes, long tapering anthers, with distally directed pores. 
(Vorontsova and Knapp, 2016). Few or many prickles are present on different parts of the 
plant. 
Based on morphological characters Whalen (1984) distinguished 33 species groups 
and a group with unusual species within the subgenus Leptostemonum, comprising 
altogether 450 species. Later, D’Arcy (1991) classified and reduced the subgenus to 27 
sections with 269 species (Figure 1.1). 
Chapter 1 
14
Figure 1.1. Major sections in the subgenus Leptostemonum as classified by D’Arcy (1991) with the 
percentage of species in each section. Sections with less than 6 species are combined in section 
Other. 
The Leptostemonum clade (subgenus Leptostemonum) includes about 20 species 
groups out of Whalen’s classification. Based on comparison of ITS, waxy, and trnS-trnG
spacer sequences, Levin et al. (2006) defined 10 clades within the subgenus, reflecting the 
phylogenetic relationships among the “spiny solanums”. The evolutionary grouping of 
Solanum species within the subgenus Leptostemonum in Africa and Madagascar, and in 
tropical Asia was recently studied by Vorontsova et al. (2013) and Aubriot et al. (2016b), 
respectively. Relationships between African and Asian “spiny solanums” are complex 
(Vorontsova et al., 2013) but of special interest for agronomists and plant breeders 
(Aubriot et al., 2016b). 
Taxonomy and botany of subgenus Leptostemonum species in Indonesia 
Not much is known about the plant biodiversity in the era before the Dutch 
established themselves in the Indonesian Archipelago at the beginning of the 17th century. 
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Later, Dutch botanists and others started to study the awesome richness of the tropical 
plants and their use. Rumphius (1747) was the first to describe eggplants in his Herbarium 
Amboinense based on different fruit shapes, colours and fruit sizes. 
To study endemic, rare and introduced plants, botanical gardens were established of 
which Lands Plantentuin in Bogor is the most famous. Inventories of plants including 
subgenus Leptostemonum species cultivated there have been published by Blume (1823), 
Hasskarl (1844, 1855) and Teysmann (1866). Botanical gardens also contributed to the 
introduction of new species and to the dissemination of others (Teysmannia 1907, 1912, 
1917). Studying the Dutch East Indian plant biodiversity offered an excellent opportunity 
to compile floras. Blume (1825) published Bijdragen tot de flora van Nederlandsch-Indië 
followed by Miquel in 1856 with the Flora van Nederlandsch-Indië. More recent important 
botanical and taxonomic studies were also published by Merrill and Perry (1949), van 
Steenis et al. (1949), Backer and Bakhuizen van den Brink (1965) and Symon (1985). 
Very often the same plant species were described and named differently by several 
authors. Therefore, it is not surprising that many of the given names were in fact synonyms 
or not accepted names. For accepted names and synonyms of Indonesian subgenus 
Leptostemonum species see Table 1.1a and 1.1b. Table 1.1b shows, for example, that some 
eggplants were scientifically named by the shape, colour and size of the fruit. This 
approach resulted in a long list of names at present designated as synonyms of 
Leptostemonum species In Indonesia eggplants and related species are known by a number 
of vernacular names of which terong (with variants like terrong and terung) is the most 
common. 
Military doctors travelled with the Dutch army to Dutch East Indies and became 
interested in the local uses of plant species. Bleeker (1844) published about some curative 
eggplant related species found in the kampongs, whereas Wassink (1851) composed a list 
of herbs used by traditional healers. Agronomists became interested in the rich Dutch East 
Indian flora too and started to cultivate endemic useful Leptostemonum plants as well as 
introduced ones. Heyne (1917, 1927) described many subgenus Leptostemonum species 
and their uses, van der Burg (1904) studied cultivated edible plants with special interest for 
their chemical composition, processing techniques, food conservation and use for the daily 
meals.
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The most used and valued among the Leptostemonum species was S. melongena, to 
the point that seven new cultivars were introduced at the end of the nineteenth century 
from France and Germany to improve yield and fruits characteristics, the most popular 
being ‘Violette naine très hâtiveʼ (Treub, 1900). Also, Dutch seed companies with 
branches in Indonesia offered seeds of eggplant and related species by catalogues (Figure 
1.2). It would be interesting to find out if offspring of eggplant seeds sold at that time 
could still be found in Indonesia. 
Figure 1.2. Terrong seeds offered by a Dutch seed company (Zeeuwsche Zaadhandel, 1939). 
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Solanum melongena evolution and distribution 
Solanum melongena is an economically important species of the subgenus 
Leptostemonum occurring in Indonesia. Lester and Hasan (1991) studied wild and 
cultivated eggplants and their related species and putative wild progenitor S. incanum s.l. 
from paleo-tropical Asia and Africa, by biosystematics investigations. As result of their 
investigations they proposed S. incanum and eggplants to be treated as four informal 
groups each: S. incanum A, B, C, D and S. melongena group E, F, G, H (Lester and Hasan, 
1991). The main characters of each group are displayed in Table 1.2. 
Table 1.2. Characteristics of eggplant groups derived from Lester’s classification (Weese and Bohs 
2010). 
Group Status Prickles Fruit 
A wild prickly 1 - 1.5 cm ᴓ 
B wild prickly 1 - 1.5 cm ᴓ 
C wild somewhat prickly 1.6 - 2.1 cm ᴓ 
D wild prickly 3.5 - 4.5 cm ᴓ 
E field weed extreme prickly ± 2 cm ᴓ 
F 
wild or field 
weed 
moderately prickly 2.5 - 3 cm ᴓ 
G 
primitive 
cultivar 
slightly prickly 3 - 4 cm ᴓ 
H 
advanced 
cultivar 
slightly or not prickly, prickly at the calyx 
only 
highly variable in size and 
colour 
In addition, Lester and Hasan (1991) proposed a distribution map for each group 
(Figure 1.3), according to which S. incanum groups A-D originated in Africa and Arabia, 
and S. melongena groups E-H in South East Asia. Furthermore, they found two groups of 
S. incanum D, one occurring in deserts in South East Africa, the other occurring in North 
East Africa and in Arabia and suggested that the group D from North East Africa and 
Arabia played a role in the evolution of group C members. 
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Figure 1.3. Distribution map of S. incanum groups A, B, C, D in Africa and Arabia and S. 
melongena groups E, F, G in South East Asia, as proposed by Lester and Hasan (1991). 
How the different groups evolved is not always clear, however S. incanum groups 
C and D shared many morphological similarities with S. melongena F and G, leading to the 
assumption that these S. incanum may be ancestors of S. melongena in Indochina 
Human activity could have contributed to the spread of S. incanum (of group C or 
D), as a camp follower, from the Middle East to Indochina. This could have happened in 
Neolithic or Palaeolithic times (Lester and Hasan, 1991). To unravel the complex story of 
eggplant distribution, Wees and Bohs (2010) followed the treatment of the different 
eggplant groups as presented by Lester and Hasan (and depicted in Figure 1.3), and 
analysed accessions of the different groups using morphological and molecular markers. 
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Figure 1.4. Flowers and fruits of S. incanum groups A-D and S. melongena groups E-H. Scale bars 
= 1 cm. Note the increasing size of fruits in S. incanum groups A through D and S. melongena 
groups F through H (Weese and Bohs 2010). 
In general, the results of Weese and Bohs (2010) confirmed the relationship 
between the S. incanum groups and the Asian S. melongena groups but showed that S. 
incanum group D is one group only, which clearly belongs to the “African eggplants” 
clade and occurs in South East Africa (Figure 1.5). In agreement with Lester and Hasan, S. 
incanum group C is the most closely related to the S. melongena groups and it could be 
ancestor to group F, the most primitive form and in turn ancestor of the domesticated 
eggplant, group G. Group E appears to be a “revertant” to a more feral form of eggplant, 
rather than the ancestor of F, as it was suggested by others previously (in Lester and Hasan, 
1991).
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Figure 1.5. Part of the Maximum parsimony strict consensus tree from combined sequence data from 
the nuclear ITS region and waxy gene and the chloroplast trnT-L and trnL-F intergenic spacer region. 
Numbers above branches indicate bootstrap values and Bayesian posterior probabilities over 50%. 
(Weese and Bohs, 2010). 
Figure 1.6. Migration of S. incanum groups A-D and S. melongena groups E-H (Weese and Bohs, 
2010). 
Figure 1.6 shows the proposed migration scheme of the wild species of S. incanum
from South Africa to the Middle East, and the introduction of S. incanum group C in Asia. 
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From this group then the introduction of eggplant in Indochina occurred, with the 
domestication of S. melongena group G from weedy plants of group F, and the reversion of 
the primitive group G to the feral form S. melongena group E. Solanum melongena group 
H is the present form of eggplant, cultivated worldwide (Weese and Bohs, 2010). Later, 
analysis of herbarium specimens (Knapp et al., 2013) separated the eggplant groups, 
assigning groups E and F to S. insanum and groups G and H to S. melongena. 
Meyer et al. (2012) studied the phylogeographic relationships among Asian 
eggplants and eggplant domestication. To interpret morphological and molecular data 
related to evolution and domestication, it is indispensable to gather information on 
historical events, archaeological work, trade history and linguistic data (Meyer et al., 
2012). Figure 1.7 shows how Asian eggplants moved from their domestication centres by 
human intervention. Within Asia, landraces originating in India may have spread to the 
west and to Europe, whereas landraces that arose in China spread northeast and southeast 
into Japan, mainland Southeast Asia and Malaysia.
While Meyer et al. (2012) used the name S. incanum for ‘putatively wild eggplant’, 
Knapp et al. (2013) and Ranil et al. (2017) distinguish the African species S. incanum from 
the Asian species S. insanum, following Lester and Hasan (1990) who already discussed 
the distinction between these two species. In the latter treatments S. insanum is no longer 
considered as a feral form of S. melongena but as its Asian progenitor. Following these 
authors all of our Indonesian ‘incanum-like’ accessions should be assigned to S. insanum. 
However, even if all of the wild and weedy progenitors of S. melongena in Indonesia 
should be assigned to S. insanum, the presence of S. incanum in Indonesia cannot be ruled 
out because much of our collected material could have been introduced by humans in 
historical times. This is certainly true of many species that are nowadays present in 
Indonesia but have an original distribution area not including Indonesia, and might also 
hold for S. incanum. Furthermore there are indications in older literature that material has 
been recorded in Indonesian flora under the name of S. incanum in addition to S. insanum
and to S. sanctum (= S. incanum) (Winberg, 1825; Juel, 1918). Furthermore on a recently 
accessed SEADiv database, both S. insanum and S. incanum from Indonesia were listed.  
Also, the extensive confusion about the nature and circumscription of the wild and 
weedy progenitors of the crop S. melongena makes it difficult to assign our material 
collected in Indonesia to S. insanum with complete confidence.  
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We have tried to establish the identity of the ‘incanum-like’ material in our 
collection using the morphological characters indicated by Knapp et al. (2013) and Ranil et 
al. (2017), but were faced by a lack of clarity in the morphological distinctions between the 
two species. E.g., the key in Knapp et al. (2013) gives a diameter of 1.8 - 2.5 cm for S. 
insanum and diameters of 2.5 - 4.5 cm for other species including S. incanum, but Ranil et 
al. (2017) state that S. insanum differs from S. incanum by “its sparser pubescence, less 
robust and usually straighter prickles, larger flowers, and distribution in Asia”. Samuels 
(2016) indicates a clear difference in the single (or few) flowered infloresences of S. 
insanum compared to those of S. incanum with up to 15 flowers but this observation was 
never reported by others. In view of this uncertainty we decided to indicate all our material 
of prickly eggplants as S. incanum/insanum.  
Figure 1.7. Proposed scheme of the spread of eggplant landraces after two independent 
domestication events in central India and southern China (Meyer et al., 2012). 
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Solanum melongena as vegetable crop in Indonesia 
Eggplant, also known as terong in Indonesia and other Asian countries, and also as 
aubergine, brinjal or Guinea squash elsewhere, is an economically important vegetable 
crop widely cultivated in the tropics, subtropics and warm temperate regions (Sihachakr et 
al., 1994). The world production is estimated at 83 million tons in 2016, with Asia as the 
biggest producer (93%) compared with other areas such as Africa (3.9%), Europe (2.5%), 
Americas (0.5%), and Oceania (0.1%). Indonesia, with 509,749 tons per year, is among the 
ten greatest producers of eggplant in Asia (FAOSTAT, 2018). Figure 1.8 shows the 
important eggplant production areas in the world. 
Figure 1.8. The average production of eggplant by countries in the period 1994-2016 (FAOSTAT, 
2018). 
The BPS-Statistics institute in Indonesia (2017) reported that eggplant production 
ranked 10th in a list of important vegetable crops in the country. The production and 
harvested areas of eggplant in Indonesia for the last 22 years (1994-2016) are shown in 
Figure 1.9. 
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Figure 1.9. Production and harvested area of eggplant in Indonesia in 1994-2016 (FAOSTAT, 
2018). 
A number of elite cultivars were developed in Indonesia and were released by the 
government and private research institutes for production. The Indonesian Vegetable 
Research Institute (IVEGRI) and Bogor Agriculture University (IPB) are the only 
governmental research institutes that develop eggplant by breeding. There are more 
eggplant cultivars released by private companies such as East West Seed Indonesia (14 
cultivars), PT. Bisi International Tbk (8 cultivars) and Benih Pertiwi (2 cultivars), as listed 
in Table 1.3. 
Table 1.3. Eggplant cultivars available in the Indonesian market. Benih Pertiwi homepage: List of 
improved cultivars of eggplant. http://benihpertiwi.co.id/ terong/#.XJ3TYKQxWMo. Accessed on 
22 November 2018. 
Breeders Eggplant cultivars
IPB Amarel 
East West Seed Indonesia 
Yuvita F1, Salero F1, Hitavi F1, Laguna F1, Jeno F1, Largo F1, 
Kania F1, Turangga F1, Milano F1, Mustang F1, Lezata F1, Yumi 
F1, Edlyn, Jeno 
PT. Bisi International Tbk 
F1 Ratih Hijau 1, F1 Ratih Hijau 2, Ratih Putih, F1 Antaboga, 
Violet, Ratih Ungu, Naga Hijau, Naga Ungu 
Benih Pertiwi Pontia, Pertiwi 
Most breeding efforts with eggplant aim at improving yield, fruit quality and 
diseases resistance. However, on the contrary of tomato and potato, no modern commercial 
cultivars were developed by introgressing traits from crop wild relatives (CWR) of the 
subgenus Leptostemonum (Syfert et al., 2016).  
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As one of Vavilov’s eight centres of crop origin, Indonesia in South-East Asia has 
also huge numbers of eggplant landraces cultivated by traditional farmers, mostly in Java 
and Sumatra. These eggplant landraces are very important for local production, as they are 
adapted to local environmental conditions and play important roles on the popular local 
dishes in many areas in Indonesia.  
One of the oldest eggplant cultivars grown in Indonesia for commercial purposes is 
‘Gelatik’, a plant with round, green, small fruits, usually eaten raw, which had a modest 
resistance to Ralstonia solanacearum (Chen et al., 1997). This variety was improved, and it 
is now sold as the cultivar ‘Gelatik’ and ‘Jeno F1’, with improved disease resistance and 
productivity. Eggplant fruit (ripe or unripe) is primarily consumed cooked, baked, steamed 
or raw and used in a great variety of popular dishes. Smallholder vegetable farmers often 
grow eggplant mixed with other vegetables, and the production is influenced by the season, 
with rainy season being the best for eggplant. Besides being used as an important vegetable, 
eggplant has been extensively exploited in traditional medicine for treatment of health 
problems in Asia (Hasan and Jansen, 1993). The names terong or terung are used throughout 
Indonesia also for eggplant wild relatives, which are used both for food and traditional 
medicine too. 
Close relatives to eggplant are S. macrocarpon and S. aethiopicum, the gboma and 
scarlet eggplants, which are also used as food in Indonesia together with other eggplant 
related species such as S. torvum (Heyne, 1917; Hasan and Jansen, 1993) and S. lasiocarpum
(Heyne, 1917). These plants are cultivated in some parts of Indonesia at a very small scale 
but are not popularly sold on markets. 
Scope of the thesis 
The project described in this thesis was part of the Dutch-Indonesian collaborative 
programme INDOSOL, supported by The Royal Netherlands Academy of Arts and Sciences 
(KNAW). The objective of the present research was to gain insight in the diversity, 
distribution and common use of the Indonesian eggplant (S. melongena) and its related wild 
species of the subgenus Leptostemonum. The collection was performed with the help of 
Indonesian agronomists from various local agricultural research stations, with the intent to 
use this knowledge to improve the breeding programs of eggplant, and the possible uses of 
related, edible and (or) medicinal species. 
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 The thesis consists of six chapters. Chapter 1 gives a general introduction to the 
Solanaceae, the taxonomy of the subgenus Leptostemonum, the history of eggplant and its 
related species, and the economically importance of eggplants and related species in 
Indonesia. Chapter 2 describes the results of a plant collection we performed in Indonesia 
in 2008, the first in its kind, and provides the inventory of eggplant and related species 
which we found on seven islands in the country. In this chapter we also describe how these 
plants are used by local people in the different regions we visited for the collection. 
Chapter 3 presents an extensive morphological characterization of 171 accessions of 
eggplant and other eight species of the subgenus Leptostemonum collected during the trip, 
with the intent to better identify them and give them a definitive species name. This work 
was carried out in Indonesia at the IVEGRI institute in Lembang, where plants were grown 
outdoor all at the same time. The next chapters describe and analyse some accessions of 
our collection using AFLP markers (Chapter 4 and Chapter 5). Seeds collected in 
Lembang were transferred to the Solanaceae Collection in Nijmegen and plants were 
grown there in the greenhouse to sample material for DNA analysis. In Chapter 4 we 
studied the diversity of the Indonesian eggplant accessions, and in Chapter 5 we extended 
the molecular characterization to the other species of the subgenus Leptostemonum, also 
based on AFLP markers. Chapter 6 summarizes and discusses some debatable results of 
this research. 
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Table 1.1a. Names and synonyms of Indonesian subgenus Leptostemonum species. 
Original name Related name and / or synonym 
S. aculeatissimum Jacq. (Boerlage 
1891; Heyne 1917, 1927; Backer, 
1934; Backer and Bakhuizen van den 
Brink, 1965) 
= S. aculeatissimum Jacq. (PBI, 2018) 
S. aculeatissimum Jacq. γ denudatum 
(Zollinger, 1854) 
= S. capsicoides All. (PBI, 2018) 
Solanum aethiopicum Linn. (Miquel, 
1856) 
Lycopersicum aethiopicum Mill. (Miquel, 1856) 
= S. aethiopicum L. (PBI, 2018) 
S. agreste Roth (Boerlage, 1891) Not accepted name (PBI, 2018) 
S. album Lour. (Hasskarl, 1844; 
Miquel, 1856; Boerlage, 1891; van der 
Burg, 1904; Heyne, 1917) 
= S. melongena L. (PBI, 2018) 
S. album Lour. var. rumphii Dunal 
(Heyne, 1927) 
= S. melongena L. (PBI, 2018) 
S. amoenum Jungh. (Boerlage, 1891) Not accepted name (PBI, 2018) 
S. anfractum Symon (Symon, 1985) = S. anfractum Symon (PBI, 2018) 
S. athroanthum Dunal (Miquel, 1856; 
Teysmann, 1866; Boerlage, 1891; 
Backer, 1934; Backer and Bakhuizen 
van den Brink, 1965) 
= S. athroanthum Dunal (PBI, 2018) 
S. atroviolaceum T. et B. (Teysmann, 
1866; Boerlage, 1891) 
S. atroviolaceum Teijsm. & Binn.  
Not accepted name (PBI, 2018) 
S. barbisetum Nees (Miquel, 1856) = S. barbisetum Nees (PBI, 2018) 
S. bonariense L. (Teysmann, 1866) = S. bonariense L. (PBI, 2018) 
S. bullato-rugosum Dun. (Zollinger, 
1854) 
= S. bullatorugosum Dunal (PBI, 2018) 
S. canescens Bl. (Blume, 1825; 
Hasskarl, 1844, 1845; Wassink, 1851, 
Boerlage, 1891) 
aff. S. incanum Forsk., aff. S. sancto (Blume, 1825) S. 
racemosum Nor. (Hasskarl, 1844) 
= S. insanum L. (PBI, 2018) 
S. ciliatum Lam. (Teysmann, 1866) = S. capsicoides All. (PBI, 2018) 
S. coeruleum Noronha (Boerlage, 
1891) 
S. cyanocarphium Bl. 
= S. cyanocarphium Blume (PBI, 2018) 
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S. comitis Dun. (Hasskarl, 1855; 
Miquel, 1856; Teysmann, 1866; 
Boerlage, 1891; Backer, 1934; Backer 
and Bakhuizen van den Brink, 1965) 
= S. comitis Dunal (PBI, 2018) 
S. cumingii Dunal (Miquel, 1856) = S. insanum L. (PBI, 2018) 
S. cuneifolium Dun. (Hasskarl, 1855; 
Teysmann, 1866) 
= S. jamaicense Mill. (PBI, 2018) 
S. cyanocarphium Bl. (Blume, 1825; 
Miquel, 1856; Boerlage, 1891; Merrill, 
1921; Backer and Bakhuizen van den 
Brink, 1965) 
aff. S. presso Dunal (Blume, 1825) 
S. bullato-rugosum Dun. (Miquel, 1856) 
= S. cyanocarphium Blume (PBI, 2018) 
S. dullmannianum Warb. (Boerlage, 
1891) 
= S. dallmannianum Warb. (PBI, 2018) 
S. dammerianum Lauterb. & K.Schum. 
(Symon, 1985) 
= S. dammerianum Lauterb. & K.Schum. (PBI, 2018) 
S. dianthophorum Dun. (Miquel, 1856) S. biflorum R.Br. (Miquel, 1856) 
= S. biflorum R.Br. (PBI, 2018) 
S. dunalianum Gaudich. (Miquel, 
1856; Symon,1985) 
= S. dunalianum Gaudich. (PBI, 2018) 
S. elaeagnifolium Cav. (van der Burg, 
1904) 
= S. elaeagnifolium Cav. (PBI, 2018) 
S. eriophorum Dunal (Miquel, 1856) = S. barbisetum Nees (PBI, 2018) 
S. esculentum Dunal (Hasskarl, 1844) S. album Nor. (Hasskarl, 1844) 
= S. melongena L. (PBI, 2018) 
S. esculentum Dun. α aculeatum
(Zollinger, 1854) 
= S. melongena L. (PBI, 2018) 
S. farinosum (Blume, 1823) 
S. ferox (Blume, 1823; Winberg, 1825)  
S. ferox L. (Hasskarl, 1844; Miquel, 
1856; Teysmann, 1866; Boerlage, 
1891; Heyne, 1917; Juel, 1918; 
Merrill, 1921; Heyne, 1927; Backer 
and Bakhuizen van den Brink, 1965)  
S. mammosum Lour., S. hirsutum Roxb., S. immane
Hance (Miquel, 1856) 
= S. lasiocarpum Dunal (PBI, 2018) 
S. ferox Linn. var. subinermis (Heyne, 
1927) 
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S. ferox L. ß lasiocarpum (Miquel, 
1856; Teysmann, 1866)
S. lasiocarpum Dun. (Miquel, 1856) 
= S. lasiocarpum Dunal (PBI, 2018) 
S. ferox L. γ involucratum (Miquel, 
1856; Teysmann, 1866)
S. involucratum Bl., S. ovoideum Zippel (Miquel, 
1856) = S. involucratum Blume (PBI, 2018) 
S. flavescens Dun. (Hasskarl, 1844, 
1845; Wassink, 1851; Filet, 1855) 
= S. hirtum Vahl (PBI, 2018) 
S. gibbsiae J.R.Drum. (Gibbs, 1917; 
Symon, 1985) 
= S. gibbsiae J.R.Drum. (PBI, 2018) 
S. giganteum Jacq. (Miquel, 1856; 
Teysmann, 1866; Boerlage, 1891) 
S. niveum Vahl, S. farinosum Wall. (Miquel, 1856) 
= S. giganteum Jacq. (PBI, 2018) 
S. graciliflorum Dunal (Miquel, 1856; 
Boerlage, 1891; Aubriot, 2016a) 
= S. graciliflorum Dunal (PBI, 2018) 
S. grandiflorum R. & P. (Teysmann, 
1866; Heyne, 1927) 
= S. grandiflorum Ruiz & Pav. (PBI, 2018) 
S. grandiflorum R. & P. ß leiocarpum
Dun. 
(Hasskarl, 1855) 
= S. grandiflorum Ruiz & Pav. (PBI, 2018) 
S. heteracanthum Merrill & Perry 
(Merrill, 1949; Symon, 1985) 
= S. heteracanthum Merr. & L.M.Perry (PBI, 2018) 
S. hirtum Vahl (van der Burg, 1904) = S. hirtum Vahl (PBI, 2018) 
S. horridum Dunal (Miquel, 1856; 
Boerlage, 1891)) 
= S. horridum Dunal (PBI, 2018) 
S. hystrix R.Br. (Teysmann, 1866) = S. hystrix R.Br. (PBI, 2018)
S. igneum L. (Teysmann, 1866) = S. bahamense L. (PBI, 2018) 
S. inaequilaterale Merr. (Merrill, 
1949) 
= S. pseudosaponaceum Bl. (PBI, 2018) 
S. incanum L. (Juel, 1918) = S. incanum L. (PBI, 2018) 
S. incanum Scheff. (Scheffer, 1876; 
Boerlage, 1891) 
= S. schefferi F.Muell. (PBI, 2018) 
S. indicum L. (Boerlage, 1891; van der 
Burg, 1904; Heyne, 1917,1927) 
= S. violaceum Ortega (PBI, 2018) 
S. indicum Nees? (Zollinger, 1854) S. canescens Bl. (Zollinger, 1854) 
= S. insanum L. (PBI, 2018) 
S. indicum Nees (Miquel, 1856; de Bie, 
1901) 
S. frutescens Roxb., S. violaceum Jacq., S. cuneatum
Mönch, S. racemosum Noronh. (Miquel, 1856) 
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S. indicum Nees var. cordatum 
(Teysmann, 1866)
S. indicum Nees var. parvifolium 
(Teysmann, 1866) 
S. insanum (Winberg, 1825) 
S. insanum L. (Juel, 1918) 
S. involucratum Bl. (Blume, 1825; 
Hasskarl, 1844; Bleeker, 1844; 
Zollinger, 1854; Boerlage, 1891; 
Heyne, 1927; Backer, 1934) 
Resembles S. ferox (Blume, 1825)
S. hispidum Pers. and S. ferox L. Std. Nom. (Hasskarl, 
1844) 
= S. involucratum Blume (PBI, 2018) 
S. jacquinii Miq. (Boerlage, 1891) = S. virginianum L. (PBI, 2018) 
S. jacquini Willd. (Miquel, 1856; 
Teysmann, 1866) 
S. aculeatissimum Jacq. var. denudatum (Miquel, 
1856) 
= S. virginianum L. (PBI, 2018) 
S. jamaicense Mill. (Heyne, 1927; 
Backer, 1934; Backer and Bakhuizen 
van den Brink, 1965) 
S. cuneifolium Dunal, S. heterotrichum, Dunal 
(Backer, 1934) 
= S. jamaicense Mill. 
S. junghuhnii Miq. (Miquel, 1856; 
Boerlage, 1891; Backer, 1934; Backer 
and Bakhuizen van den Brink, 1965) 
S. ferox Jungh. (Miquel, 1856) 
= S. violaceum Ortega (PBI, 2018) 
S. kubiu (Heyne, 1917)
S. lasiocarpum Dun. (Blume, 1825; 
Zollinger, 1854; von Mueller, 1875; 
Boerlage, 1891; Symon, 1985) 
= S. lasiocarpum Dunal (PBI, 2018) 
S. macranthum Dunal (Filet, 1855) = S. crinitum Lam. (PBI, 2018) 
S. macrocarpon Linn. 
(Heyne, 1927; Backer and Bakhuizen 
van den Brink, 1965) 
= S. macrocarpon L. (PBI, 2018) 
S. mammosum L. (Backer, 1934; van 
Steenis et al., 1949; Backer and 
Bakhuizen van den Brink, 1965; 
Symon, 1985) 
= S. mammosum L. (PBI, 2018) 
S. melanocarpum Dun. (Zollinger, 
1854) 
= S. insanum L. (PBI, 2018) 
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S. melanocarpum Dun. ß 
atropurpureum Dun. (Zollinger, 1854) 
= S. melongena L. (PBI, 2018) 
S. melongena (Blume, 1823; Winberg, 
1825) 
= S. melongena L. (PBI, 2018) 
S. melongena L. (Miquel, 1856; 
Teysmann, 1866; Boerlage, 1891; de 
Bie, 1901; van der Burg, 1904; Heyne, 
1917, 1927; Merrill, 1921; de Jong, 
1941; Backer and Bakhuizen van den 
Brink, 1965; Symon, 1985) 
S. esculentum Dunal, S. album Noronh., Trongrum 
hortense Rumph., S. melanocarpum Dunal, S. 
ovigerum Dunal (Miquel, 1856) 
S. undatum Lam. (Merrill, 1921) 
S. undatum Lam. = S. insanum (PBI, 2018) 
S. melongena L. forma spontanea
(Backer, 1934; van Steenis et al., 
1949) 
S. pressum Dunal, S. pseudo-undatum Bl. 
S. trongum Poir., S. undatum Poir. (Backer, 1934) = S. 
melongena L. (PBI, 2018) 
S. melongena L. var. fragile viride
Hassk. (van der Burg, 1904) 
S. melongena L. var. luteum Hassk. 
(van der Burg, 1904) 
S. melongena L. var. ovigerum Hassk. 
(van der Burg, 1904) 
S. nelsonii Zipp. (Boerlage, 1891) S. nelsonii Zipp. ex Span. 
= S. violaceum Ortega (PBI, 2018) 
S. oligolobum Merrill & Perry (Merrill, 
1949) 
= S. dammerianum Lauterb. & K.Schumm. (PBI, 
2018) 
S. ovigerum Dun. (Hasskarl, 1844) = S. melongena L. (PBI, 2018) 
S. ovigerum Dun. var. insanum 
(Blume, 1825; Hasskarl, 1844; 
Bleeker, 1844) 
S. serpentinum Nor. (Hasskarl, 1844) 
= S. melongena L. (PBI, 2018) 
S. ovoideum Zipp. (Boerlage, 1891) = S. involucratum Blume (PBI, 2018) 
S. poka Dunal (Miquel, 1856; 
Boerlage, 1891; Aubriot et al., 2016a) 
= S. poka Dunal (PBI, 2018) 
S. pressum Dun. (Miquel, 1856; 
Boerlage, 1891; van der Burg, 1904; 
Heyne, 1927) 
= S. melongena (PBI, 2018) 
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S. pseudo-saponaceum Bl. (Blume, 
1825; Hasskarl, 1844; Bleeker, 1844; 
Hasskarl, 1845; Wassink, 1851; 
Zollinger, 1854; Filet, 1855; Miquel, 
1856; Teysmann, 1866; Boerlage, 
1891) 
S. amoenum Jngh. (Hasskarl, 1844) 
S. amoenum Jungh. (PBI, 2018, not accepted name) 
= S. pseudosaponaceum Blume (PBI, 2018) 
S. pseudo-undatum Bl. (Blume, 1825; 
Hasskarl, 1844; Bleeker, 1844; Miquel, 
1856; Boerlage, 1891)  
S. ovigerum Std. Nom. (Hasskarl, 1844; Miquel, 1856) 
S. sativum Dun. (Miquel, 1856) 
= S. melongena L. (PBI, 2018) 
S. pseudo-undatum Bl. var. albiflorum
(Blume, 1825; Hasskarl, 1844; Miquel, 
1856) 
= S. melongena L. (PBI, 2018) 
S. pseudo-undatum Bl. var. atro-
purpurascens
(Blume, 1825; Hasskarl, 1844; Miquel, 
1856) 
= S. melongena L. (PBI, 2018) 
S. pseudo-undatum var. leucocarpon 
(Blume, 1825; Hasskarl, 1844; Miquel, 
1856) 
= S. melongena L. (PBI, 2018) 
S. pulomare Scheff. (Boerlage, 1891) S. pulivinare Scheff. 
= S. dunalianum Gaudich. (PBI, 2018) 
S. pulvinare Scheff. (von Mueller, 
1875) 
= S. dunalianum Gaudich. (PBI, 2018) 
S. pulvinaris (Scheffer, 1876) S. pulvinare Scheff. 
= S. dunalianum Gaudich. (PBI, 2018) 
S. quitoense Lam. (Heyne, 1927; 
Backer en Bakhuizen van den Brink, 
1965) 
S. kubiu (Heyne, 1927) 
= S. quitoense Lam. (PBI, 2018) 
S. racemosum Nor. (Hasskarl, 1844) = S. violaceum Ortega (PBI, 2018) 
S. robustum Wndl. (Teysmann, 1866) = S. robustum H.L.Wendl. (PBI, 2018) 
S. sanctum (Winberg, 1825) 
S. sanctum L. (Juel, 1918) S. incanum L. (PBI, 2018) 
S. saponaceum Dun. (Hasskarl, 1844, 
1845; Wassink, 1851) 
= S. saponaceum Dunal (PBI, 2018) 
S. sarmentosum Nees (Boerlage, 1891) = S. trilobatum L. (PBI, 2018)
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S. schefferi F.Muell. (von Mueller, 
1875; Merrill, 1949; Symon, 1985) 
S. incanum Scheff. (von Mueller, 1875) 
= S. schefferi F.Muell. (PBI, 2018) 
S. sodomeum (Winberg, 1825) 
S. spectabile Steud. (Teysmann, 1866) = S. vailiantii Dunal (PBI, 2018)  
S. tetrandrum R.Br. (Symon, 1985) = S. tetrandrum R.Br. (PBI, 2018) 
S. throngum Poir. (Teysmann, 1866) = S. melongena L. (PBI, 2018) 
S. torvoideum Merr. & L.M.Perry 
(Symon, 1985) 
= S. torvoideum Merr. & L.M.Perry (PBI, 2018) 
S. torvum Swartz (Miquel, 1856; 
Boerlage, 1891; Heyne, 1917, 1927; 
Merrill, 1921; Backer, 1934; de Jong, 
1941; van Steenis et al., 1949; Backer 
and Bakhuizen van den Brink, 1965; 
Symon, 1985) 
S. torvum α genuinum Sendtn., S. indicum Linn.herb., 
S. stramonifolium Lam., S. amoenum Jungh. (Miquel, 
1856) S. pseudosaponaceum Bl. (Heyne, 1917; 
Merrill, 1921) S. amoenum Jungh, S. canescens Bl. 
(Backer, 1934) 
= S. torvum Sw. (PBI, 2018) 
S. torvum Swartz α scabrescens Miq. 
(Miquel, 1856) 
= S. torvum Sw. (PBI, 2018) 
S. torvum Swartz ß polyacantha 
(Miquel, 1856) 
= S. torvum Sw. (PBI, 2018) 
S. trichostylum Merr. & L.M.Perry 
(Symon, 1985) 
= S. trichostylum Merr. & L.M.Perry (PBI, 2018) 
S. trilobatum (Winberg, 1825) 
S. trilobatum Linn. (Miquel, 1856; 
Teysmann, 1866; Boerlage, 1891; Juel, 
1918; Backer and Bakhuizen van den 
Brink, 1965) 
S. acetosaefolium Lam. (Miquel, 1856) 
= S. trilobatum L. (PBI, 2018) 
S. trongum Poir. (Blume, 1825, 
Hasskarl, 1844; Bleeker, 1844; Miquel, 
1856; Boerlage, 1891; van der Burg, 
1904, Heyne, 1917, 1927) 
S. trilobatum Nor. (Hasskarl, 1844) ? S. indicum Linn. 
(Heyne, 1927) 
= S. melongena L. (PBI, 2018) 
S. trongum Poiret α sinuato-
pinnatifidum Dun. (Miquel, 1856) 
= S. lasiocarpum Dunal (PBI, 2018) 
S. trongum Poiret ß rumphii Dun. 
(Miquel, 1856) 
S. trilobatum Noronh. (Miquel, 1856) 
= S. melongena L. (PBI, 2018) 
S. undatum (Bleeker, 1844) S. melongena L.? 
S. undatum Lam. (Blume, 1825; 
Zollinger, 1854; Miquel, 1856) 
S. tomentosum Herb. van Hasselt (Miquel, 1856) 
= S. melongena L. (Nee, 1994) 
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S. undatum Lam. ß sphaerocarpum
Hsskl. 
(Hasskarl, 1844, 1845; de Bruijn Kops, 
1854; Miquel, 1856) 
S. melongena L. (Miquel, 1856) 
S. undulatum Lamm. (van der Burg, 
1904) 
S. undatum Lam.? 
S. violaceum R.Br. (Miquel, 1856) S. brownii Dun. (Miquel, 1856) 
= S. brownii Dunal (PBI, 2018) 
S. xanthocarpum Schrad. & Wendl. 
(Miquel, 1856; Boerlage, 1891; Backer 
and Bakhuizen van den Brink, 1965) 
S. diffusum Roxb. (Miquel, 1856) 
= S. virginianum L. (PBI, 2018) 
Trongum agreste = S. indicum (Linnaeus, 1753) 
Trongum hortense = S. melongena (Linnaeus, 1753)
Table 1.1b. Solanum melongena synonyms as listed by Teysmann (1866). 
S. ovigerum var. breve album Tehrong koppek boddas 
S. ovigerum var. breve variegatum Tehrong koppek boeriek 
S. ovigerum var. breve violaceum Tehrong koppek ietam 
S. ovigerum var. minus violaceum Tehrong piït 
S. ovigerum var. minus urecolatum Tehrong kendie 
S. ovigerum var. minus oblongum Tehrong siriet kambieng 
S. ovigerum var. oblongum violaceum Tehrong siriet koeda 
S. ovigerum var. oblongum rotundum Tehrong kontol keboh 
S. ovigerum var. oblongum album Tehrong malehbehr, Tehrong boddas 
S. ovigerum var. fragile violaceum Tehrong rangoh itam 
S. ovigerum var. fragile album Tehrong rangoh boddas 
S. ovigerum var. fragile viride Tehrong rangoh iedjoe 
S. ovigerum var. fragile luteum Tehrong koepa koening 
S. esculentum L. var. jambosaeforme Tehrong koepa ietam 
S. esculentum L. var. jambosaeforme violaceum Tehrong koepa boelaauw 
S. esculentum L. var. ingratum Tehrong pughur 
S. esculentum L. var. ingratum violaceum Tehrong pughur ietam 
S. esculentum L. var. albo variegatum Tehrong boeriek poetie 
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Abstract 
Species of Solanum subgenus Leptostemonum are present in Indonesia, and eggplant 
in particular, belonging to this group, is a popular vegetable on Indonesian markets. In 2008 
we have initiated a collection of Solanum species of the subgenus Leptostemonum on twelve
sites in this country. Here we describe this collection and give a short description of the 
species we identified in the field. 372 plant accessions corresponding to 12 different species 
of this subgenus are presented in this chapter. 
Introduction 
Many species of Solanum subgenus Leptostemonum, comprising the cultivated 
eggplant S. melongena L. and relatives like S. lasiocarpum Dunal (known before as S. ferox
auct. plur. non L.), S. macrocarpon L., S. aethiopicum L. and S. torvum Sw. can be found in 
different areas in Indonesia, and are used as food or traditional medicine plants (Hasan and 
Jansen, 1993). Eggplant has been popularly used not only as a vegetable (Heyne, 1927) but 
also for other food products such as sweets and crackers (Margono et al., 1993; Prayitno, 
2002). 
The origin and domestication of eggplant is still not clearly answered. Hypotheses 
on the origins and evolution of eggplant as proposed before have been based on various 
inferences (Lester and Hasan, 1991; Choudhury, 1995, Weese and Bohs, 2010). Lester and 
Hasan (1991) classified the eggplant informal groups into two species, S. incanum L. and S. 
melongena, each with four groups (see Chapter 1). 
S. melongena has been divided into three main botanical varieties under the species 
melongena, based on the fruit shapes. These include egg-shaped (S. melongena var. 
esculentum), long and slender in shape (S. melongena var. serpentium) and dwarf types (S. 
melongena var. depressum) (Choudhury, 1976; Kalloo, 1993). Those three botanical 
varieties were later assigned as synonyms of S. melongena. 
In South East Asia, including Indonesia, several cultivar groups of S. melongena are 
present, two of which were described earlier by Hasan and Jansen (1993), namely Common 
Eggplant Group and Bogor Eggplant Group. The Common Eggplant Group is characterized 
by a robust habit, purplish flowers, and big round to elongated oval fruits (the colour may 
vary from purple, green and white). It includes international cultivars such as ‘Long Purple’, 
and ‘Kopek’ a popular local type in Indonesia which has elongated fruits with an obtuse end.  
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The Bogor Eggplant Group, popularly known as kelapa in Indonesia, and comprising 
the cultivar ‘Gelatik’, was described by Hasan and Jansen (1993) in the following way: “a 
small spreading habit, small greyish leaves, and small greenish-white flowers. The fruits are 
round or flat-round fruits, 4-10 cm in diameter, green near the calyx which partly envelops 
the fruit, and marbled white at the top”. The fruits of kelapa and ‘Gelatik’ are crispy and 
slightly bitter and are eaten raw, but the fruits of ‘Gelatik’ are smaller than those of other 
plants in the group (personal observation). Beside Common Eggplant and Bogor Eggplant 
Groups, there are other popular cultivar groups in Indonesia, such as Craigi with elliptical, 
straight or curved, purple or mauve and with pointed tip fruits, and Medan with small 
cylindrical fruits with tapered ends and striped green, popularly known as finger eggplant. 
Many advanced cultivars were also introduced in time, such as for example the 
varieties from Japan, with cylindrical, oval or round purple to dark purple shiny fruits, which 
include ‘Moneymaker 2’ and ‘Black Shine’ (Mashudi, 2007). In general, local cultivars of 
eggplant are more common in South-East Asia than the high-yielding modern cultivars, since 
the former are better adapted to local conditions. Beside several types of eggplant cultivars, 
some relatives of eggplant such as S. macrocarpon, S. lasiocarpum, S. quitoense Lam., and 
S. torvum have also been used for food in limited areas (Heyne, 1927). 
Another species of the subgenus Leptostemonum is S. aethiopicum, commonly 
known as scarlet eggplant. Solanum aethiopicum is a hypervariable species, which is 
characterized by many types and forms morphologically different. According to the basic 
morphology of the leaves and fruits, and their uses, Lester (1986) assigned four cultivar 
groups of S. aethiopicum, namely Aculeatum Group, Gilo Group, Kumba Group, and Shum 
Group. The Aculeatum Group is supposed to be a hybrid resulted from hybridization 
between S. aethiopicum Kumba Group and S. anguivi Lam. in botanical gardens (Lester and 
Niakan, 1986; Lester and Thitai, 1989). 
The aim of collecting plant genetic resources is to capture the maximum diversity 
present in crops and their wild relatives and to maintain them in ex situ collections. Ideally, 
the collected material reflects the nature and extent of variability in the different species, or 
within species, landraces, cultivars, etc. and the geographical distribution of that variability. 
On the other hand, the genetic variability provided by wild and weedy species is also a source 
of interesting traits such as high vigour, resistance to diseases and insects, and tolerance for 
extreme environments (Arora, 1991). Landraces are the most diverse populations of 
cultivated plants (Frankel et al., 1995).  
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The genetic diversity among and within landraces makes them a valuable resource 
for the improvement of modern crop varieties, and for direct use by farmers (Soleri and 
Smith, 1995). 
In Indonesia, so far only one collection and inventory of eggplant were carried out 
by the Indonesian Vegetable Research Institute (IVEGRI) Lembang - West Java Province, 
to collect eggplant on the islands of Sumatra and Java. This governmental institute presently 
manages 45 accessions of eggplant (IVEGRI, 2015), mostly for breeding purposes. 
However, the IVEGRI collection is lacking a list of Indonesian wild relatives of eggplant 
(see in Chapter 1), which could offer the genetic diversity as source of interesting traits. 
Moreover, the IVEGRI collection was performed only on two islands and lack the 
ethnobotanical information about the collected materials, which is important to understand 
their social-economic value in the local community.  
Therefore, the objectives of this thesis were to collect and identify Solanum species 
in Indonesia, more particularly species of the subgenus Leptostemonum, and to conduct an 
ethnobotanical study on their usages. Plants found in this collection trip were given a 
provisional name, waiting for a better characterization of the plants growing under controlled 
field conditions in Lembang (see Chapter 3). 
Materials and Methods 
Collection of Solanum species 
Collection trips were carried out from June 2008 - January 2009 in twelve provinces 
in Indonesia, namely Banten, Yogyakarta, West Java, Central Java on the island of Java, 
Bengkulu, North Sumatra, West Sumatra, South Sumatra on the island of Sumatra, West 
Kalimantan on the island of Kalimantan, North Sulawesi on the island of Sulawesi, West 
Nusa Tenggara on the island of Sumbawa, and East Nusa Tenggara on the island of Timor 
(see Figure 2.1).The locations for the collection were defined based on contacts with local 
agriculture research stations in each province, and with the responsible for collection at 
IVEGRI for eggplant. Furthermore, based on literature annotations about eggplant and wild 
relatives in Backer and Bakhuizen van den Brink (1965) and Heyne (1927), we interpreted 
from the local names given to the species the region where they were found.  
A modified standard form of passport data and other informations related to the 
sampling (shown in Table 1) were prepared following the example published by Hawkes 
(1980) for crops genetic resources.  
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A short descriptor list was also prepared as guidance for species identification (Table 
2.2). The characters for species identification were taken from “Conspectus of species 
groups in Solanum subgenus Leptostemonum” (Whalen, 1984), and from the PROSEA Book 
(Hasan and Jansen, 1993).  
A bundle of photographs and scientific illustrations was also compiled using pictures of the 
different species taken from living plants of the Solanaceae collection of the Radboud 
University Nijmegen, pictures taken from an online database of the same collection 
http://www.bgard.science.ru.nl (discontinued in 2019), and pictures taken from the 
Multilingual Multiscript Plant Name Database (http://www.plantnames.unimelb.edu.au). 
The collection was prepared following the procedures suggested by Arora (1991). 
Firstly, we contacted local agricultural research stations to gain preliminary information 
where the species could occur. Field officers and native farmers were involved in this 
activity. Basic maps for the collection trip were then drawn based on complementary 
information from our contact persons and literature. 
Samples were collected from wild locations (far from built-up areas), farm fields 
(estate plantations or small cultivation fields), backyards (where plants occurred 
spontaneously or cultivated in small number) and local markets. Traditional markets and 
farmers were mostly visited first, to gain basic information where target plants occurred. 
Mature fruits with seeds, stems or small plants were collected and conserved. Stems 
or small plants were taken when the mature fruits were unavailable in the field, to be planted 
and maintained later until they produced fruits / seeds. Fruits were harvested always from 
one plant and seeds were processed to be conserved in the genebank. Pictures were taken to 
illustrate the growth habits and details of morphological characteristics of the plants. 
Ethnobotanical study 
An ethnobotanical study was conducted during the collection trips to gather 
information on how people, of a particular culture and region, make use of Solanum species 
of the subgenus Leptostemonum (as food, medicine, clothing, in religious ceremonies or for 
any other purposes). A standard questionnaire (shown in Table 2.3) was prepared. Data were 
collected based on observations, interviews and discussions with farmers, people in rural 
areas and traditional markets, and other people who use the plants in their daily life. 
Examples of the questionnaire for recording ethnobotanical uses were taken from Arora 
(1991). 
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Results 
From the collection trip on Java, Sumatra, Kalimantan, Sulawesi, Lombok, 
Sumbawa, and Timor islands, 372 accessions of Solanum species of the subgenus 
Leptostemonum were collected comprising 12 different species. This collection consists of 
240 accessions of cultivated eggplant (S. melongena), 50 accessions of hairy-fruited eggplant 
(S. lasiocarpum), 16 accessions of prickly eggplant (S. incanum/insanum), 19 accessions of 
turkey berry (S. torvum), 16 accessions of scarlet eggplant (S. aethiopicum), 8 accessions of 
nipple eggplant (S. mammosum), 9 accessions of gboma eggplant (S. macrocarpon), 5 
accessions of devil’s apple (S. capsicoides All.), 3 accessions of S. violaceum Ortega, 4 
accessions of Jamaican nightshade (S. jamaicense Mill.), 1 accession of naranjilla (S. 
quitoense), and 1 accession of tropical soda apple (S. viarum Dunal).  
In addition, 30 accessions of other Solanum species were collected: 23 accessions of 
black nightshades, 3 accessions of big eggplant (S. erianthum D.Don) and 4 accessions of 
Jerusalem cherry (S. pseudocapsicum L.). These accessions were not included in the present 
investigation as they were not belonging to subgenus Leptostemonum. Figure 2.1 illustrates 
the areas where the collection was performed on the different islands.  
Figure 2.1. Map of Indonesia showing the locations of collection. 
The complete list of the collected accessions is given in Table 2.4 together with their 
collection source and distribution.  
Preliminary identification of the collected plants was done at the collection sites 
based on a short descriptor list in combination with photographs and scientific illustrations 
(see Materials and Methods).  
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A provisional species name was assigned to the accessions, which was confirmed or 
corrected later after further characterization (see Chapter 3, 4 and 5).  
In each area where the collection was performed, we interviewed local people to 
obtain information about the usages they made of the plant, and if local names were used to 
indicate a specific characteristic of the plant (see Table 2.3). Here below a description is 
presented for each species of the subgenus Leptostemonum collected during our trip. The 
descriptions include the main morphological characteristics, local names and the usages of 
the plants, and some pictures of the flowers and fruits of the accessions collected. The species 
are treated in alphabetical order. 
Solanum aethiopicum or scarlet eggplant 
We found three types of plants which we called S. aethiopicum based on their leaves 
and fruits. They were shrubs, with alternate leaves, had flowers with a white stellate corolla. 
However, the three types showed some remarkable differences.  
One had anthocyanin on the stem, deeply lobed leaf margin, and a fusiform grooved 
fruit; we assigned this to the Kumba Group. A second type with the leaves slightly lobed, 
smooth-globose green fruit, turning red at maturity, and a third type with deeply lobed 
leaves, elliptic fruits, white or green, turning red at maturity were both assigned to Gilo 
Group. These plants were found and collected on most islands, whereas plants of the Kumba 
Group were found only on Sumatra and Timor Island. We found these 16 accessions at 
various altitudes, ranging from 3 to 1521 m, mostly in backyards and occasionally in wild 
habitats (Table 2.4). 
Solanum aethiopicum has many different local names. For example, the Gilo Group 
with small fruits is called terong hias (ornamental eggplant) in West Java, bungo taruang
(ornamental eggplant) in West Sumatra, terong emas (golden eggplant) in Banten, and 
tetomatan (tomato-like) in Bogor. The Gilo Group with bigger fruits is called terong lalap
(raw-eaten eggplant) in Central Java, and the Kumba Group with tomato-shaped fruits is 
known as terong pahit (bitter eggplant) in West Sumatra. The latter plant is cultivated in 
small garden, and young fruits are eaten raw on Sumatra. The Gilo Group with small fruits 
is cultivated as ornamental plants but fruits may be eaten raw or cooked in Central Java. 
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Figure 2.2. Flower, young and mature fruit of S. aethiopicum Gilo Group with small fruits (2a to 
2c), S. aethiopicum Gilo Group with bigger fruits (2.2d to 2.2f), and S. aethiopicum Kumba Group 
with tomato-shaped fruits (2.2g to 2.2i). 
Solanum capsicoides or devil’s apple 
We found five accessions of S. capsicoides only on Java, Sumatra and Sulawesi, 
mostly in wild habitats. The plants were found to grow spontaneously solitaire, grouped or 
spotted, for example on the edge the road, in a forest, and one also in a backyard. 
There was no morphological variation among the five accessions that we found. 
Plants grow as a much-branched shrubs. Stems have many straight prickles, leaves are 
simple, broadly ovate, armed with prickles, with 2-3 pairs of acute lobes. Inflorescences are 
extra-axillary, pedicels and the calyx are moderately armed with straight prickles, the petals 
of the flowers are triangular. The corolla is stellate, white, glossy light greenish at the base. 
Fruits are globose, green with dark green stripes and a white spongy endocarp, at maturity 
bright matt red (Figure 2.3).  
2a 2b 2c 
2d 2e 2f 
2g 2h 2i 
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Solanum capsicoides is identified in Indonesia by four local names: terong tenang or 
cokromaneno in Banten (Western part of Java), terong kadut in West Java, terong peuheur
(bitter eggplant) in Sundanese region. Fruits have a very bitter and unpleasant taste, therefore 
plants are not cultivated and used for food. In the province of Banten, fruit juice is even used 
as bio-pesticide. However, few people we interviewed had used the fruit or seeds for 
traditional medicine, for example to fight fever and to cure toothache. 
Figure 2.3. Flower, young and mature fruits of S. capsicoides. 
Solanum incanum/insanum or prickly eggplant
We found 16 accessions of plants that we identified as S. incanum/insanum. Plants 
were mostly growing in forests or any other remote areas as solitaire or scattered group, 1 in 
the province of Central Java (district Sukoharjo), 1 on West Sumatra (district Agam), the 
reamaining 14 on West Nusa Tenggara (district West Sumbawa) and East Nusa Tenggara 
(district Kupang, South Timor Tengah and Belu). 
These plants appeared as prickly shrubs, with prickles on stems, petiole and main 
veins of the leaves, most often coloured with anthocyanin. Leaves were broadly ovate, with 
2-3 lobes on each side, lobes obtuse, prickly along petiole and principal veins, inflorescences 
lateral, calyx with long prickles, corolla pentagonal with purple petals, berries were globose 
to ellipsoid, mottled green, yellow when ripe, with fleshy pericarp, bitter taste. Figure 2.4 
shows the characteristics of flowers and fruits of S. incanum/insanum we collected. 
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Figure 2.4. Morphological variations in flowers, fruits and calyces among the S. incanum/insanum
accessions that were collected. 
In the province of East Nusa Tenggara, these plants are called kailotok fui or faimatak 
fuik, which means ‘jungle eggplants’ since they are commonly found to grow in forests. On 
the island where many cultivars of S. melongena are cultivated and used for food, such as on 
the island of Sumatra, there is no use for S. incanum/insanum. By contrast, in Sumbawa 
(West Nusa Tenggara) mature fruits are picked, cooked and eaten as food. Sliced fruit is 
treated before with salt to reduce the bitterness. 
Solanum jamaicense or Jamaican nightshade 
We found four accessions of plants that we called as S. jamaicense in South Sumatra, 
and as weeds in swamp areas of West Kalimantan. The plants grew also in backyards and 
remote gardens as solitaire or spotted. 
The plants appeared as shrub, with many branches and covered with dense hairs, 
stems were armed with recurved prickles, leaves were alternate, densely pubescent, prickles 
along lower midribs, broadly obovate. The inflorescences were lateral racemes with 3 to 10 
flowers. Flowers were white, corolla stellate with five petals, fruit globose berry, glossy, 
flattened, dark green (immature), turning red when ripe. Characteristics of flower, young and 
mature fruits of S. jamaicense are presented in Figure 2.5. 
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Presently, S. jamaicense has 4 local names: terong elang (eagle eggplant because of 
its eagle’s beak-like prickles) in South Sumatra, terong rawa (swamp eggplant) in West 
Kalimantan, mata manis (cute eyes) in some regions in West Java, and mentek in Bogor.  
There is no special use of this plant in local practice, nor as food. 
Figure 2.5. Flower, young and mature fruit of S. jamaicense. 
Solanum lasiocarpum or hairy-fruited eggplant 
We found 50 accessions of plants preliminarily named as S. lasiocarpum growing as 
wild in the forest (in Bengkulu and East Nusa Tenggara), in backyards (in North Sulawesi), 
or in cultivated plots (in West Kalimantan). Plants grew as solitaire, spotted or grouped. In 
most areas, S. lasiocarpum grew as a wild plant, but it is cultivated in West Kalimantan. The 
fruits can be easily found in traditional markets in West Kalimantan and even in the border 
area of Serian town (Samarahan division, Sarawak-Malaysia). Sowing seeds is usually done 
just before the rainy season, and fruits are sold in Malaysian markets at better price than 
eggplant.  
The fruits of domesticated and cultivated plants were considerable larger than fruits 
of wild accessions. The plant habit was spreading branched, stems covered with a mixture 
of trichomes and prickles, leaves were broadly ovate, with prickles scattered along petiole, 
margin coarsely dentate with 6 lobes or more. Inflorescence was short, prickly, corolla hairy 
on the lower side, stellate and white. Fruits size ranged from 2.5 to 3.5 cm in diameter in 
wild accessions, reaching up to 8 cm in domesticated plants, fruit shape was globose to ovate, 
densely covered with hairs, green or white when immature, yellow-orange when ripe, with 
yellowish flesh. Characteristics of flower, and some young and mature fruits of S. 
lasiocarpum are shown in Figure 2.6. 
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Figure 2.6. Flower, young and mature fruits of S. lasiocarpum. 
Solanum lasiocarpum is called terong bulu (hairy-fruited eggplant) in some areas,
terong pandan (aromatic eggplant) or terong batung in Bengkulu, terong asam (sour 
eggplant) in West Kalimantan and poki-poki tamate (tomato eggplant) in Manado (North 
Sulawesi). In West Kalimantan we found large cultivation areas of S. lasiocarpum, in these 
fields we observed quite some variations in the size and colour of immature and mature 
fruits, probably due to the process of domestication and selection of this species. 
Recently S. lasiocarpum has become very popular for traditional cooking in West 
Kalimantan, for example for the preparation of sour-relish curries, and in traditional 
medicine, seeds are used for treating toothache, and the root is used boiled as pain killer, or 
in a bath to lower the fever. 
S. macrocarpon or gboma eggplant
Nine accessions of S. macrocarpon were found in Banten, West Sumatra, Bengkulu, 
West Kalimantan, and West Nusa Tenggara. They were grown by villager in backyards, 
home gardens, or farm fields, or they grew spontaneously as solitaire or scattered groups 
along the roads. 
Plants were subshrub up to 150 cm tall with anthocyanin on young stems, hairless, 
not prickly. Leaves were alternate, with long petioles, blade up to 20 cm long with large 
lobes. Flowers larger in lower part of inflorescence, corolla pale purple. Fruits were large up 
to 7-8 cm in diameter, depressed globose berries, ivory or purplish white when young, yellow 
to brownish when ripe, partly covered by the enlarged calyx lobes. Characteristics of 
flowers, young and mature fruits of S. macrocarpon are presented in Figure 2.7. 
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Figure 2.7. Flower, young and mature fruits of S. macrocarpon. 
Solanum macrocarpon was introduced in Indonesia after 1910 (Heyne, 1927), now 
it is known with various names, such as terong manggis (mangosteen eggplant), terong 
engkol or terong kelapa (coconut-like eggplant) in many regions of Sumatra, terong pucuk
(when young leaves can be used as vegetable) in Bengkulu, terong peuheur (slightly-bitter 
eggplant) or terong gayung in Sundanese (Western part of Java island). S. macrocarpon is 
cultivated in home gardens. It is considered as important vegetable in some areas in 
Indonesia. It is cultivated in Java at 200-600 m above sea level (Backer and Bakhuizen van 
den Brink, 1965). Young fruits are used as cooked food in similar dishes as cultivated 
eggplant, or sometimes cooked with rice. The taste of fruit is like eggplant, just a little bitter. 
Young leaves are also used as vegetable, either cooked or steamed. 
Solanum mammosum or nipple eggplant
Eight accessions of S. mammosum were found in West Java, West Sumatra, 
Bengkulu, South Sumatra and North Sulawesi. They were grown as ornamental in home 
gardens, few of them were found in abandoned gardens. S. mammosum was introduced from 
South America and it was naturalized in Java, it grows at 10-1,000 m above sea level (Backer 
and Bakhuizen van den Brink, 1965). Plants of S. mammosum are unmistakeable because of 
the particular shape of the fruits. Plants were tall shrubs up to 200 cm, with prickles scattered 
on stems and leave veins. Leaves were broad and circular, with 5-7 lobes. Flowers were in 
sub-sessile cyme, corolla stellate, pale purple-blue. Fruits were berries pear-shaped with 
basal outgrowths, green, yellow or orange when ripe, white flesh, bitter taste. Characteristics 
of flowers, young and mature fruits of S. mammosum are shown in Figure 2.8.  
In most regions of Indonesia, S. mammosum is called as terong susu (nipple eggplant) 
or terong susu kambing (goat-nipple eggplant), and poki-poki totok (nipple eggplant) in 
Manado - North Sulawesi. 
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This plant is usually grown as an ornamental for the unique shape of the fruits. The 
plant also has a few medicinal properties, like in North Sulawesi is used to cure teeth. The 
juice of the fruit shows some detergent activity and can be used for washing clothing. 
Figure 2.8. Flower, young and mature fruits of S. mammosum. 
Solanum melongena or eggplant
Eggplant (S. melongena) represents 64% of our collected material with a high 
diversity of fruits. On Sumatra alone, we found 91 different accessions, the remaining 149 
were found on the other islands. There are no clear reports when S. melongena was first 
introduced in Indonesia. However, it is mentioned in some publications that eggplant was 
known and commonly cultivated in Indonesia (Heyne, 1927; de Jong, 1941; Backer and 
Bakhuizen van den Brink, 1965, see Chapter 1). In general, we first visited local traditional 
markets to gather information on which types of eggplant were grown and used in the 
villages. The samples we collected were found as cultivated plants in backyards, home 
gardens and small farm fields, as a single cultivar or a mix of several cultivars. 
Plants were a shrub or bushy perennial growing to a height of 60 to 120 cm with a 
herbaceous or woody spiny stem. Leaves were large, ovate, lobed, and hairy on the 
underside. Flowers were white or purple, solitary or in clusters of two or more. Fleshy fruits 
with shapes varying from ovoid, oblong, obovoid or long cylindrical, with white, green, 
purple colour or striped. The morphological characteristics of eggplant fruits we collected 
are shown in Figure 2.9. 
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Eggplant is commonly called terung or terong in Indonesia. Different local names 
are used in different places: encung in most Sumatra, trueng in Aceh, taruang in Padangnese 
(West Sumatra), torung in Bataknese, trong in Gayo, tiung in Batak Toba and Lampung, 
teung in Palembang (South Sumatra), toru in Nias, atimbu in Gorontalo, poki-poki or 
karimbu in Manado, bodong-bodong in Makassar, iterung in Bugis, cuang, taung, tirung or 
tuung in Bali, kenduru in Sumba, faimatak in Belu, kaumenu, kailotok in Timor, kaduwi in 
Bima, pabloba in Buru, pelale in Halmahera, and fafaki in Tidore. 
Figure 2.9. Morphological variation of eggplant fruits (S. melongena) from our collection in 
Indonesia. 
Although it is still not considered as a top rank commodity in Indonesia, eggplant is 
widely used as a vegetable in many areas, especially on Java, Sumatra and Eastern islands 
of Indonesia. This plant is commonly used as vegetable in different kind of preparations. 
Eggplant fruit is usually baked, sautéed, stuffed, cut into strips or cubes and fried, or added 
to soups, curries etc. However, there are some cultivars which have different specific use as 
vegetable according to the respective regions. ‘Gelatik’, a sweet small green flat-round 
eggplant, is the most popular eggplant to be used as raw vegetable in West Java, especially 
in Bogor and Bandung. A similar use of a sweet smaller purple-globular eggplant is also 
found in Palembang (South Sumatra), and a sweet bigger green-globular eggplant in 
Lombok, West Nusa Tenggara. 
Solanum quitoense or naranjilla 
It was hard to find S. quitoense, we only have one accession from West Sumatra. 
This accession is considered as a wild and it grew solitaire.  
Collection and ethnobotanical study of Solanum species of the  
subgenus Leptostemonum in Indonesia
53
The plant was very similar to those of S. lasiocarpum, it grew as herbaceous shrub, 
stems armed with sharp prickles. Leaves were oblong-ovate, soft and woolly, with few or 
many spines on petioles and veins. Young leaves, stems and petioles were richly coated with 
hairs. Flowers with 5 petals, white on the upper surface, purple hairy beneath, and 5 
prominent yellow stamens. Green fruits had an approximate size of 2-3.5 cm in diameter, 
with pointed calyx, covered with hairs, juicy flesh, slightly acid, and green pulp on flesh. At 
maturity fruits turn yellowish. Characteristics of flowers, young and mature fruits of S. 
quitoense are shown in Figure 2.10. In Indonesia S. quitoense is known by 3 local names in 
Sumatra: terong bulu (hairy eggplant) or terong beruk (monkey eggplant) or terong dodok. 
Figure 2.10. Flower, young and mature fruits of S. quitoense. 
Solanum quitoense or naranjila was firstly introduced on the island of Java around 
1914 (Backer and Bakhuizen van den Brink, 1965). People in North and South Sumatra use 
the roots to cure chronic-scabies. Roots are boiled, and then the extract is applied on the 
injuries. 
Solanum torvum or turkey berry
We found 19 accessions of this plants in Banten, Yogyakarta, North Sumatra, West 
Sumatra, West Kalimantan, North Sulawesi, West Nusa Tenggara, and East Nusa Tenggara. 
Plants were growing spontaneously as weeds, solitaire or scattered, and we collected them 
in backyards, abandoned gardens or in forests. In North Sumatra we found plants growing 
in home gardens cultivated by villagers as vegetable. 
Plants are distributed in Java from lowland until 1.450 m above sea level. It is popular 
in Bogor and Jakarta as raw or boiled vegetable (Heyne, 1927). Plants appeared as trees, 
with much branching, stems densely hairy, armed with scattered prickles. Leaves were broad 
and circular, strongly lobed throughout, lobes obtuse. Many-flowered corymbs were 
attached at intervals on the stems; corolla stellate and white.  
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Fruits were green or yellow when mature, small globose berries. Characteristics of 
flowers, young and mature fruits of S. torvum are shown in Figure 2.11. Solanum torvum is 
known as terong pipit (tiny eggplant) in Indonesian language, takokak mostly in Java, pokak, 
cepokak or cokak in Yogyakarta, rimbang mostly in Sumatra, bungke in North Sumatra, 
terong tetek in West Nusa Tenggara and tarutuk in North Sulawesi. 
Figure 2.11. Flower, young and mature fruit of S. torvum. 
The only commercially cultivated plants were found in North Sumatra. The young 
fruits are commonly used as raw or cooked vegetables in Java and Sumatra. Fruits can be 
used for traditional medicine against stomach pain, toothache, haemorrhoid, influenza, fever, 
and to stimulate blood circulation, to reduce the uric acid and to depurate the body. Leaves 
can be used to cure scabies; fresh leaves are ground, then applied on the injuries. Villagers 
in Bengkulu grafted eggplant on S. torvum to make the stems stronger and taller, and pick 
easier the fruits. Rootstock of S. torvum was also showed to be significantly effective to 
control Verticillium wilt of eggplant (Bletsos et al., 2003). 
Solanum viarum or tropical soda apple 
The only accession of S. viarum was found in West Sumatra (district Solok), in an 
abandoned garden as a solitaire plant. It is considered as a rare wild plant. The plant was 
bushy, prickly herbaceous, stems were armed with rare straight prickles and clothed with 
hairs. Leaves were oval-triangular, angular lobed, surfaces with hairs, veins were prickly. 
Flowers were white, in small terminal clusters. Fruits were globose berries, green with dark 
veining (like a tiny watermelon), dull light yellow when ripe, spongy pericarp. Flowers, 
young and mature fruits of S. viarum are shown in Figure 2.12. As it is a rare wild plant, S. 
viarum has no local use nor local name in Indonesia. 
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Figure 2.12. Flower, young and mature fruits of S. viarum. 
Solanum violaceum
We found three accessions of S. violaceum in three provinces, namely North 
Sumatra, West Sumatra, and West Kalimantan. One accession was in a backyard, another 
was growing spontaneously along the road, and the third was growing spontaneously near a 
swamp. Plants were half-woody shrubs with oblong-ovate leaves, heart-shaped, strongly 
lobed at the margins, and hairy underneath. Flowers were bluish, purple, corolla stellate. 
Fruits were green with dark veining, turning yellow or yellow-orange when ripe, smooth, 
and rounded. Characteristics of flowers, young and mature fruits of S. violaceum are 
presented in Figure 2.13. 
Solanum violaceum is known as terong Siam (Siam eggplant) in Indonesian 
language; bungke pahit (bitter torvum) in North Sumatra; rimbang pahit (bitter torvum) or 
terong pahit (bitter eggplant) in some regions of Sumatra. Although S. violaceum is not 
cultivated and considered as neglected species, in North Sumatra we learned from 
interviewing people that bitter-young fruits are used as raw food and are believed to cure 
hypertension. 
Figure 2.13. Flower, young and mature fruits of S. violaceum. 
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Discussion 
Indonesia is among the top ten countries that produce eggplant worldwide. In 2017 
in the country 535.000 tons of eggplant fruits were produced. (BPS-Statistics Indonesia, 
2017). In Indonesia itself, eggplant (S. melongena) is the most consumed among the species 
of the subgenus Leptostemonum. The Indonesian Vegetable Research Institute (IVEGRI) 
performed a collection of the most cultivated eggplant on two islands in Indonesia. Our 
collection was different from that of IVEGRI’s in that we expanded it to more species of the 
subgenus Leptostemonum and to more islands. Moreover, we also investigated the uses and 
consumption of other Leptostemonum species by local villagers, but we wanted to exclude 
data from large markets and large production farms. 
In order to prepare for our collection, we referred to the experience of other authors 
such as Arora (1991) and Hawkes (1980). The first composed a very thorough manual on 
“Plant exploration and germplasm collection” in which the basic concepts and methods to 
carry out a plant collection are clearly elucidated. The second composed also a field 
collection manual particularly for crops, from which we selected a list of items for recording 
passport data (see Table 2.1). We also assembled a list of characters as a descriptor list to be 
used for the collection in the field, but this included only few main characters of stem, leaves, 
inflorescence, flower and fruit. However, to complement it, we also took with us 
photographs of Leptostemonum species taken from various sources. Although the 
characterization using these tools in the field was quite accurate, we had made plans for a 
more detailed characterization and identification of the species later, under controlled field 
conditions at IVEGRI (Chapter 3). 
In our original collection plan, we scheduled also to collect on the islands of Papua 
and Moluccas, but for time constraint we focussed on the main islands. Moreover, our 
contacts with the local research station of Assessment Institute for Agricultural Technology 
(AIAT) informed us that eggplant is not a major crop on those islands (personal 
communication). 
Many reports about species of the Leptostemonum group in Indonesia are provided 
by several Dutch botanists interested in the flora of the Dutch East Indies (de Bruijn Kops, 
1854; Heyne, 1927; de Jong, 1941; Backer and Bakhuizen van den Brink, 1965). The most 
recent account of Solanum species of the Leptostemonum subgenus found in Indonesia is by 
Hasan and Jansen in their book on “Plant Resources in South East Asia” (Hasan and Jansen, 
1993).  
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In this book they mentioned S. melongena, S. torvum, S. macrocarpon and S. 
lasiocarpum to be present in Indonesia. However, it is not clear if these authors have located 
and identified these species in person, in Indonesia and on which islands. All these literatures 
gave us an indication about where and which Leptostemonum species we could identify for 
our collection. 
Most of the collected species could be easily identified and distinguished from each 
other since they have salient morphological characteristics, particularly the characteristics 
of leaves, flowers and fruits. These distinguishing morphological characters will be further 
discussed in Chapter 3. However, it was more difficult to distinguish S. incanum/insanum
from S. melongena, and S. lasiocarpum from S. quitoense, because some morphological 
characteristics between these two pairs of species are very similar. 
Lester and Hasan (1991), and Weese and Bohs (2010) have investigated very 
thoroughly the relations between S. incanum and S. melongena. Lester and Hasan (1991) 
recognized four informal groups for S. incanum in Africa (A, B, C, D), and four for S. 
melongena in South East Asia (E, F, G, H). Their hypothesis is that S. incanum group C from 
Africa migrated through Middle East to Asia and there gave origin to the weedy form S. 
melongena group F, which then gave origin to the more cultivated forms groups G and H. 
Solanum melongena group G may have also reverted to the wild form group E. In their study 
Weese and Bohs (2010) used the characteristics such as the status of the accessions, the 
prickles, and the size of the fruits (partly taken from Daunay et al., 2001). 
However, in 2013 Knapp et al. added more distinguishing characteristics between S. 
incanum and S. melongena, such as a rounded to cordate leaf-base, acute to obtuse calyx 
lobes apexes, and 15-60 prickles on the calyx. Moreover, (Knapp et al., 2013) separated the 
eggplant groups, assigning groups E and F to S. insanum and groups G and H to S. melongena
and distinguished the African species S. incanum from the Asian species S. insanum, 
following Lester and Hasan (1990) who already discussed the distinction between these two 
species. For reasons discussed in Chapter 1 we decided to indicate all our material of wild 
eggplants as S. incanum/insanum.  
During our collection, we found several plants that we identified as S. 
incanum/insanum, which all bore the prickles on stems, leaves and calyx to various extents, 
these characteristics are not typical for S. melongena. Many S. incanum/insanum accessions 
had anthocyanin on stems, veins or prickles, a coloration that is also found in S. melongena
accessions.  
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The size of the fruits among the S. incanum/insanum accessions varied to little extent, 
on the contrary to what was shown by Weese and Bohs (2010), who found more variation in 
the size of the fruit. Nevertheless, these authors also found very prickly accessions of S. 
incanum, more than in S. melongena. Therefore, in our experience the prickliness is a 
characteristic that clearly distinguished S. incanum/insanum from S. melongena, also in 
agreement with Knapp et al. (2013). Furthermore, interviewing local villagers on the usages 
of Leptostemonum species, we learned that another character distinguishes small green 
globose fruits (3-4 cm in diameter) of some S. melongena accessions from similar ones of S. 
incanum/insanum. Namely, the fruits of S. incanum/insanum are very bitter (Dakone and 
Guadie, 2016), whereas the small green fruits of S. melongena are consumed raw and have 
a pleasant taste (personal observation). This S. melongena with a small green globose fruit 
in Indonesia is known as ‘Gelatik’. This and other, cultivars we found, were described 
previously by de Jong (1941). 
S. lasiocarpum and S. quitoense have similar growth habit, but usually are 
distinguishable based on the fruits, which are different in size and in the amount of hairs. 
During our collection trip, however, we had some difficulties to determine the species by 
looking at the fruit. Solanum lasiocarpum has been lately domesticated and is extensively 
cultivated, for example in Kalimantan, giving rise to plants with larger fruits than the 
corresponding wild species. However, one characteristic that is unique to S. quitoense is the 
ring of green flesh within the ripe fruit, an attribute not found in any other member of the 
section Lasiocarpa (Whalen et al., 1981), whereas S. lasiocarpum has yellow-orange dense 
flesh. We found the same outcome in the characterization of S. lasiocarpum and S. quitoense
of our collection; indeed S. lasiocarpum has a yellow-dense flesh, while S. quitoense has the 
ring of green flesh (Figure 2.14).
Hasan and Jansen (1993) reported the existence of wild and cultivated forms of S. 
lasiocarpum, both with edible fruits. Furthermore, they classified the cultivated forms into 
five cultivar-groups, two of which are in Indonesia: Cung Bulu Group (syn. S. ferox L. var. 
ferox) and Involucratum Group (syn. S. involucratum Blume, S. ferox L. var. involucratum
(Blume) Miquel). Unfortunately, we cannot say which, or if any of our accessions 
corresponds to these groups. At least three types of S. quitoense are known to occur: with 
spines, without spines, and with red mature fruits and smooth leaves. The last is known as 
baquicha or red naranjilla (PBI Solanum Project, 2018). We only found the type with spines. 
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A. S. lasiocarpum fruit B. Fruit lengthways cut C. Fruit cross section 
    D.  S. quitoense fruit E.  Fruit lengthways cut F.  Fruit cross section 
Figure 2.14. Fruits of S. lasiocarpum (A, B, C) and S. quitoense (D, E, F). C: Photo credit: NParks 
Flora&FaunaWeb, F: Photo credit: commons.wikimedia.org. 
During our interviews about the ethnobotanical use of Leptostemonum species, we 
heard several different names used by local people to describe S. melongena and other 
species of the group. For example, gelatik is at the same time the name the cultivar nowadays 
commercially sold, but it is also a name used locally by people. The most interesting ones 
were the names that indicated specific characteristics of the fruits. For example, a popular 
eggplant in Medan (North Sumatra) is called terong telunjuk which means finger eggplant, 
terong kelapa is very large globular fruit that looks like coconut, terong ungu means purple 
eggplant, a Sundanese name terong peuheur means slightly bitter eggplant, and it is given 
to S. macrocarpon for its slightly-bitter taste. Also, some local names are given based on the 
way plants are consumed or used, for example some eggplant cultivars are called terong 
lalap that means raw-eaten eggplant. 
However, the name of terong peuheur is given for bitter fruits of S. macrocarpon as 
well as S. capsicoides, and terong asam that means sour eggplant is used for S. lasiocarpum
and S. quitoense. This occurs because local names are based on criteria which may differ in 
different regions as well as cultures, thereby they lack uniformity and consistency, and may 
cause some confusions. 
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The conclusion of our ethnobotanical inventory is that after S. melongena, the most 
used species for food are S. torvum, S. macrocarpon, S. aethiopicum and S. lasiocarpum, in 
order of usage. S. melongena is mostly cultivated on Sumatra, which is not surprising 
because eggplant has been on this island since hundreds of years in particular along the 
coasts (de Bruijn Kops, 1854; Heyne, 1927). Sumatra is a part of the Malaka Strait which is 
a sea gate for world trade.  
The second Leptostemonum species used for food is S. torvum, which is less known 
than S. melongena, but is eaten raw or cooked on Sumatra and part of Java. 
 For traditional medicine S. torvum, S. mammosum, S. quitoense, S. capsicoides, S. 
violaceum were used for various purposes. For example, S. torvum and S. violaceum are used 
to lower hypertension, S. mammosum and S. capsicoides are used to cure toothache, the fruit 
juice of S. quitoense is used to cure cough. Similar findings were already described by other 
authors, especially Dutch botanists interested in the flora of the Dutch East Indies (Heyne, 
1927; de Jong, 1941; Backer and Bakhuizen van den Brink, 1965). 
Our collection is the largest Leptostemonum collection ever done in Indonesia until 
now. We found Leptostemonum species that were found previously by other botanists 
(Heyne, 1927; de Jong, 1941), and several accessions of S. aethiopicum of both Gilo and 
Kumba Groups, mostly on Java, where they are used as food and ornamental. It is possible 
that, as ornamental, this species has been introduced in the country only recently. 
The species that were most difficult to from one another were S. melongena and S. 
incanum/insanum, even more so on the bases of characters that may be influenced by the 
environment, such as the presence of anthocyanin (Chalker-Scott, 1999; Kovinich et al., 
2015). So, it is possible that after a better characterization, using also a molecular approach, 
some accessions of these species should be renamed. It could be considered to use our 
eggplant accessions resistant to pests and diseases to support the breeding of cultivated 
eggplant. In general, all our Leptostemonum accessions are an enrichment of genetic 
diversity of the Indonesian ex situ collection, and moreover they extend the genepool that 
can improve cultivated crops. 
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Table 2.1. List of passport data. 
No. Descriptions Remarks 
1. Collection number  
2. Collection date Date when the samples were collected. 
3. Collector name Name of collector(s) 
4. Village Name of village 
5. Sub district Name of sub district 
6. District Name of district 
7. Province Name of province 
8. Location Latitude and longitude, generated by GPS 
9. Altitude Generated by GPS 
10. Collection source 1: Wild, 2: Farmland, 3: Backyard, 4: Village market 
11. Distribution 1: Solitary, 2: Scattered, 3: Grouped 
12. Status of sample 1: Wild, 2: Weedy, 3: Breeder’s line, 4: Landrace, 5: Elite cultivar 
13. Sample type 1: Seeds from 1 fruit / plant, 2: Living plant 
14. Notes Additional notes 
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Table 2.3. List of items for the ethnobotanic study. 
No. Descriptions Remarks
1. Species name Botanical name 
2. Vernacular name Local names 
3. Specific fragrance If any 
4. Specific taste 1: Sweet, 2: Salty, 3: Sour, 4: Bitter, 5: Other 
5. Usage 1: Food, 2: Feed, 3: Traditional medicine, 4: Other 
6. Usage method 1: Raw materials, 2: Sliced organs, 3: Grinded organs, 4: Organs 
juice, 5: Cooked materials, 6: Other 
7. Used plant part 1: Fruit, 2: Leaf, 3: Fruit primarily and leaf secondarily, 4: Leaf 
primarily and fruit secondarily, 5: Root, 6: Other 
8. Source 1: Commercial cultivation, 2: Household cultivation, 3: Wild 
habitat, 4: Spontaneous growth 
9. Notes Additional information 
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Abstract 
The collection of the accessions and their identification performed in the fields was based 
on a few morphological characters which were easy to score. In this chapter we present 
results of a more thorough characterization of 171 accessions that were grown in an 
experimental field in Lembang. For this characterization 17 quantitative and 39 qualitative 
morphological characters were used. A dendrogram shows nine different species placed in 
four main clusters, and in general confirms that the preliminary identification made at the 
time of collecting was correct for most accessions. 
Introduction 
Eggplant (Solanum melongena L.) is a prominent species in the subgenus 
Leptostemonum. The name eggplant was derived from the shape of the fruits of some 
varieties, which are white and shaped very similarly to chicken eggs (Kalloo, 1993). The 
close relatives are S. macrocarpon L. and S. aethiopicum L., the gboma and scarlet 
eggplants, respectively (Sekara et al., 2007). 
A classification in 8 groups (A-H) was proposed for material assigned to S. 
incanum L. and S. melongena based on morphological characters, in particular the 
presence of prickles on stem and calyx, and fruit shape (Lester and Hasan, 1991; Weese 
and Bohs, 2010) Furthermore, an eggplant complex which includes S. incanum, S. 
insanum. and domesticated eggplant, has been proposed mainly because of morphological 
similarity and crossability (Lester and Hasan, 1990). Solanum melongena group E, (S. 
insanum) is suggested to be a weedy relative of S. melongena group G (Lester and Hasan, 
1991), which was later confirmed by Mace et al. (1999) using AFLP analysis. However, 
Knapp et al. (2013) recognized the species S. insanum to comprise the S. melongena
groups E and F (see Chapter 1).  
A wide diversity exists in S. melongena. Eggplant collections have been evaluated 
mostly for morphological (Furini and Wunder, 2004; Prohens et al., 2005) and agronomic 
characters (Kumar et al., 2008; Islam et al., 2011; Hurtado et al., 2013), and showed high 
degree of variability. According to the differences of morphological characteristics, in 
particular of the fruit shape and size, Choudhury (1976) classified eggplant into three main 
groups: round, oval or egg shaped (S. melongena var. esculentum), long slender shaped (S. 
melongena var. serpentinum) and dwarf types (S. melongena var. depressum).  
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In addition, due to the domestication of some accessions and inter-specific 
hybridizations in the subgenus Leptostemonum, there can be confusion about the identity 
of species and/or groups within the species.  
For example, S. aethiopicum in the section Oliganthes is known as a hypervariable 
species with morphologically different plants. All taxa of the section Oliganthes, series 
Aethiopica (Bitter, 1923) comprise a single species, S. aethiopicum (Lester, 1986). 
Solanum aethiopicum is a domesticated and widely cultivated species with many landraces 
and cultivars. Lester (1986) recognized four cultivar groups, Gilo, Shum, Kumba and 
Aculeatum each corresponding to a combination of the taxa described earlier within series 
Aethiopica. 
Moreover, the use of crossability and morphological characteristics to assess 
relationships between species does not always give consistent results, as is evident with 
species of Lasiocarpa section. The species most similar morphologically are not always 
the ones that successfully hybridize to give the most fertile hybrids. Heiser (1986) 
attempted to cross section Lasiocarpa species. Only the cross between S. lasiocarpum and 
S. candidum resulted in viable seeds whereas the cross between S. lasiocarpum and S. 
quitoense developed normal sized fruits but with flat seeds. 
Morphological characterization of germplasm collections is very important to study 
genetic diversity (Govindaraj et al., 2015), to screen valuable traits for breeding programs 
(Nainar et al., 1991; Kumar et al., 2008), as well as to plan strategies for conservation and 
management of germplasm (Odong et al., 2013). As any single accession has its typical 
morphological characteristics, morphological characterization is also essential for 
describing the distinctive characteristics of cultivars and landraces (UPOV, 2002). 
Characterization of cultivated eggplants and wild relatives has usually been performed 
with conventional morphological descriptors (IBPGR, 1990; Polignano et al., 2010). 
The objectives of the present work were to assess the diversity of eggplant 
landraces and related species collected from different sites in Indonesia, and to identify the 
important morphological traits for their identification. 
Materials and Methods 
The experimental material consists of 171 accessions of Solanum species in the 
subgenus Leptostemonum collected from 12 different provinces in Indonesia during June 
2008 - January 2009. There was a total of 372 accessions of 12 Solanum species of 
subgenus Leptostemonum from the collection activity (as described in Chapter 2).  
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However, only 171 accessions representing 9 species could be grown in the field in 
Lembang and had enough phenotypic data. Most of these (99 accessions) are S. 
melongena. Solanum species in the subgenus Leptostemonum used in this study are listed 
in Table 3.1 while the complete list of the accessions from each species is presented in 
Table 3.2. Unfortunately, S. quitoense, S. viarum and S. jamaicense, which we did collect, 
failed to grow in Lembang and could not be characterized further in this study.  
Table 3.1. Number of Solanum species in the subgenus Leptostemonum used in the study. 
Species name Section 
Number of 
accessions 
Origin 
S. aethiopicum Oliganthes 11 Consisting of Aculeatum Group (4 
accessions) from West Sumatra and 
East Nusa Tenggara; and Gilo Group 
(7 accessions) from Banten, 
Yogyakarta, Central Java, West 
Sumatra, East Nusa Tenggara, North 
Sulawesi. 
S. capsicoides Acanthophora 5 Banten, West Java, West Sumatra, 
North Sulawesi. 
S. lasiocarpum Lasiocarpa 22 Bengkulu, West Kalimantan, North 
Sulawesi, East Nusa Tenggara. 
S. incanum/insanum Melongena  9 West Sumatra, West Nusa Tenggara, 
East Nusa Tenggara. 
S. violaceum Oliganthes 2 West Sumatra, West Kalimantan. 
S. macrocarpon Melongena 5 Banten, West Sumatra, West 
Kalimantan. 
S. mammosum Acanthophora 6 West Java, North Sumatra, West 
Sumatra, Bengkulu, North Sulawesi. 
S. melongena Melongena  99 Distributed from all 12 provinces. 
S. torvum Torva 12 Banten, Yogyakarta, North Sumatra, 
South Sumatra, West Kalimantan, 
West Nusa Tenggara, North Sulawesi. 
Total 171 
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Seeds were sown at the Indonesian Vegetable Research Institute (IVEGRI), 
Lembang, Indonesia. The accessions were planted in rows consisting of 10 individual 
plants. The plants were characterized between May and December 2009. For 
morphological characterization 5 individual plants from each accession were evaluated.  
The 56 morphological (39 qualitative and 17 quantitative) traits (characters) were 
recorded following a modified descriptor list adopted from the standard descriptor list for 
eggplant (S. melongena) of IBPGR (1990) and UPOV (2002). 
The means, standard deviations and coefficient of variation (CV) for each of the 
morphological traits were calculated. The coefficient of variation was calculated as the 
ratio of standard deviation and mean (Solanas et al., 2012). Genetic variability among the 
accessions with respect to the morphological traits was evaluated by calculating the 
Euclidean Distance Coefficient (EDC), a commonly used measure (Flury and Riedwyl, 
1986). Euclidean Distance was calculated from the normalized trait mean values over each 
accession. To group the accessions based on morphological similarity, a cluster analysis 
was conducted on the Euclidean Distance matrix with the Unweighted Pair-Group Method 
of Arithmetic Average (UPGMA) in the Sequential Agglomerative Hierarchical Non-
overlapping (SAHN) clustering procedure. Two datasets were analyzed: all 171 accessions, 
and a subset of 108 accessions, comprising only S. melongena and S. incanum/insanum. 
Those two datasets were analyzed separately to observe the grouping patterns of the 
species, as well as the grouping of S. melongena and S. incanum/insanum accessions. The 
analysis was done by using Numerical Taxonomy and Multivariate Analysis System 
software (NTSYS-pc 2.11) (Rohlf, 2000). The observed traits were also subjected to a 
Principal Component Analysis (PCA) and the traits that most effectively discriminated 
between the accessions were determined. The PCA was performed using Minitab® 16.2.0 
Statistical Software by Minitab Inc. 
Results 
Table 3.3 and 3.4 show the qualitative and quantitative traits (respectively) 
observed in the field according to the IBPGR and UPOV descriptor lists. For 20 qualitative 
characters, only presence and absence were noted, for the other 19 a range of character 
states was recorded. Examples of the qualitative characters we observed on the plants (e.g. 
prickles, anthocyanin, leaf lobes) are shown in Figure 3.1.  
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Many of these qualitative traits showed a high variability among the 171 
accessions, as indicated by the frequencies of their character states. Thirteen out of the 
seventeen quantitative characters showed a high phenotypic coefficient of variation.  
The dendrograms generated using 56 morphological traits based on the Euclidean 
Distance Coefficient and the UPGMA clustering method, showed clearly the grouping of 
accessions and species. The dendrogram of all 171 accessions separated these into four 
major clusters (Figure 3.2). 
Figure 3.1. Examples of the qualitative characters observed on the plants. 
1. Anthocyanin presence: a. On stem, b. On leaf veins, c. On prickles, d. On corolla, e. On fruit; 2. 
Prickles presence: a. On stem, b. On upper leaf, c. On lower leaf, d. On petiole, e. On calyx; 3. 
Blade lobes: a. Very weak, b. Weak, c. Intermediate, d. Strong, e. Very strong. 
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Figure 3.2. Dendrogram of 171 accessions based on 56 morphological traits. Detail major 
characteristics of each group and subgroup is shown in Table 3.5. 
The first main cluster A consists of 57 accessions in five subclusters. Subcluster A-
1.1 includes 22 accessions of the prickly eggplant S. incanum/insanum and S. melongena 
that were mostly collected from the Eastern part of Indonesia (West and East Nusa 
Tenggara). Subcluster A-1.2 consists of 4 accessions of S. aethiopicum Aculeatum Group, 
and the subclusters A-1.3 and A-1.4 consist of 11 accessions of S. melongena. Subcluster 
A-2 consists of 20 accessions of S. melongena, which are in general less prickled than 
those in the subclusters A-1. 
Cluster B consists of 7 subclusters, four of which (B-1.1, B-1.3, B-2, B-3.2) contain 
55 accessions of S. melongena in total. Subclusters B-1.2, B-3.1 and B-3.3 contain 7 
accessions of S. aethiopicum Gilo Group, 5 accessions of S. macrocarpon (B-3.1), and 2 
accessions of S. violaceum, respectively. 
Cluster C contains 5 accessions of S. capsicoides, and cluster D contains 12 
accessions of S. torvum (D-1), 22 of S. lasiocarpum (D-2), and 6 of S. mammosum (D-3). 
The major traits which discriminated among all the species groups in Figure 3.2 are 
presented in Table 3.5.
Cluster analysis was also done separately on 108 accessions of S. melongena and 
the prickly eggplant (S. incanum/insanum) in order to focus on the relationships of the 
accessions among those two closely related groups. The results showed that there is high 
diversity among the accessions (Figure 3.3). The accessions were grouped into two major 
groups, covering 86 accession in group I  and 22 accessions in group II. In the first major 
group (I), the first subgroup (I-1) consists of 34 accessions and represents a mix of S. 
melongena and all the S. incanum/insanum (prickly eggplant) accessions, which clustered 
mainly because of their fruit characteristics, presence of prickles and anthocyanin (Table 
3.6). Subgroups I-2 and I-3 are composed of 41 and 11 accessions of S. melongena, 
respectively. They differ from one another particularly for fruit characteristics (Table 3.6), 
presence of anthocyanin and for the number of accessions with prickles, that is; I-2 
contained less anthocyanin and prickled accessions than I-3. 
The second main group (II), was composed of 22 accessions of S. melongena. The 
S. melongena accessions in this group have less anthocyanin and prickles, compared with 
those in the first main group (I). The major traits to distinguish between S. 
incanum/insanum and S. melongena are presented in Table 3.6. 
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Figure 3.3. Dendrogram of 108 accessions of S. melongena and S. incanum/insanum groups based 
on 56 morphological traits. 
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Table 3.3. Range of the 39 qualitative traits observed. 
Trait Abbreviation Range Character states 
1. Anthocyanin on stem ANS 0-1 0-absent, 1-present 
2. Anthocyanin on petiole ANPT 0-1 0-absent, 1-present 
3. Anthocyanin on pedicel ANPDI 0-1 0-absent, 1-present 
4. Anthocyanin on 
peduncle 
ANPDU 0-1 0-absent, 1-present 
5. Anthocyanin on calyx ANCL 0-1 0-absent, 1-present 
6. Anthocyanin on corolla ANCO 0-1 0-absent, 1-present 
7. Anthocyanin on prickle ANPR 0-1 0-absent, 1-present 
8. Anthocyanin on fruit ANFR 0-1 0-absent, 1-present 
9. Anthocyanin on main 
vein 
ANPA 0-1 0-absent, 1-present 
10. Anthocyanin on 
secondary vein 
ANSA 0-1 0-absent, 1-present 
11. Prickles on stem PRS 0-1 0-absent, 1-present 
12. Prickles on petiole PRPT 0-1 0-absent, 1-present 
13. Prickles on pedicel PRPDI 0-1 0-absent, 1-present 
14. Prickles on peduncle PRPDU 0-1 0-absent, 1-present 
15. Prickles on calyx PRCL 0-1 0-absent, 1-present 
16. Prickles on main vein PRPA 0-1 0-absent, 1-present 
17. Prickles on secondary 
vein 
PRSA 0-1 0-absent, 1-present 
18. Prickles on upper leaf PRUL 0-1 0-absent, 1-present 
19. Prickles on lower leaf PRLL 0-1 0-absent, 1-present 
20. Hairs on lower leaf HRLL 0-1 0-absent, 1-present 
21. Blade lobes BLB 3-9 1-very weak, 3-weak,5-intermediate, 7-
strong, 9-very strong 
22. Blade tip angle BTA 1-9 1-very acute <15 o, 3-acute ~ 45 o, 5-
intermediate ~ 75 o, 7-obtuse ~110 o, 9-
very obtuse (>160 °) 
23. Petiole color PTCOL 1-9 1-green, 3-greenish violet, 5-violet, 7-
dark violet, 9-dark brown 
24. Corolla color COCOL 1-9 1-greenish white, 3-white, 5-pale violet, 
7-violet, 9-bluish violet 
25. Style exertion STEX 0-2 0-no exerted style, 1-all exerted, 2-mix 
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– exerted and not exerted in same 
inflorescence 
26. Fruit position FRPOS 1-9 1-erect, 3-semi erect, 5-horizontal, 7-
semi pendant, 9-pendant 
27. Fruit shape FRSHP 1-7 1-globular,2-ovoid, 3-obovate, 4-pear 
shaped, 5-club shaped, 6-ellipsoid, 7-
cylindrical 
28. Fruit shape in cross 
section 
FRCS 1-9 1-circular no grooves, 3-elliptic no 
grooves, 5-few grooves ~4, 7-many 
grooves ~8, 9-very irregular 
29. Fruit flavor FRFLA 3-9 3-bitter, 5-intermediate, 7-sour (acid), 
9- slightly sweet 
30. Fruit apex FRAPX 1-4 1-indented, 2-flattened, 3-rounded, 4-
pointed 
31. Fruit color at 
commercial ripeness 
FRCOLCOM 1-9 1-green, 2-milk white, 3-deep yellow, 
4-fire red, 5-scarlet red, 6-lilac grey, 7-
purple, 8-purple black, 9-black 
32. Fruit color distribution FRCOLDT 1-4 1-uniform, 2-mottled, 3-netted, 4-
striped 
33. Fruit patched FRPCH 0-1 0-absent, 1-present 
34. Fruit striped FRSTR 0-1 0-absent, 1-present 
35. Fruit color at 
physiological ripeness 
FRCOLPHY 1-9 1-green, 2-deep yellow, 3-yellow 
orange, 4-deep orange, 5-fire red, 6-
poppy red, 7-scarlet red, 8-light brown, 
9-black 
36. Fruit flesh firmness FRFD 1-7 1-very loose/spongy, 3-loose/crumbly, 
5-average firmness, 7-very dense 
37. Fruit flesh color FRFCOL 3-9 3-white, 5-cream, 7-green, 9-purple 
38. Seed color SCOL 1-7 1-white,2-light yellow, 3-grey yellow, 
4-brownish yellow, 5-brown, 6-brown 
black, 7-black 
39. Seed size SSIZ 3-9 3-small ~2 mm, 5-intermediate ~3 mm, 
9-large ~4 mm 
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Table 3.4. Range, mean, standard deviation and coefficient of variation of 17 quantitative traits 
measured. 
Trait Abbreviation Unit Range Mean
Standard 
deviation 
Coefficient 
of 
variation 
(%)
1. Plant height PHG cm 35-250 95.7 43.0 44.98 
2. Plant breadth PBR cm 12-290 97.3 47.7 49.02 
3. Plant branching PBC number 0.8-90 10.6 6.9 65.99 
4. Stem width SWT mm 3.2-
40.4 
16.0 7.5 
46.73 
5. Blade length BLG mm 82.2-
321 
193.2 49.2 
25.47 
6. Blade width BWT mm 10.6-
274 
143.7 58.3 
40.59 
7. Leaf prickles 
number 
LPR number 0-67 7.9 12.2 
152.65 
8. Petal length PTLG mm 6-27 12.6 3.7 29.69 
9. Petal width PTWT mm 2-22 10.8 4.4 40.80 
10. Sepal length SPLG mm 2-21 8.1 4.0 49.80 
11. Sepal width SPWT mm 1-9 3.3 1.9 60.70 
12. Number of flowers 
per inflorescence 
NUF number 1-57 6.3 8.7 
137.92 
13. Flower diameter FDIAM mm 3-60 36.1 10.5 29.09 
14. Corolla tube length COTLG mm 1-13 4.9 2.3 47.09 
15. Anther length ANTLG mm 1-19 7.7 2.1 27.50 
16. Pedicel prickles 
number 
PDIPR number 0-15 1.4 2.7 
194.70 
17. Calyx prickles 
number 
CLPR number 0-45 1.7 4.6 
268.53 
Principal Component Analysis (PCA) was done to look for groups and to determine 
which of the quantitative characters most strongly contributed to the principal components 
(PC). There are no tests to evaluate the significance of Eigenvalues, but a criterion has 
been established on the selection of principal components with Eigenvalues of more than 1 
to be used for further analysis (Chatfield and Collins, 1980). 
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For the dataset of 171 accessions, the first three PCs explain 41.20% of the total 
phenotypic variance (Table 3.7). The first PC explains 20.20% of the total variance and is 
predominantly influenced by 25 traits, such as plant height (PHG), plant breadth (PBR), 
and plant branching (PBC), and mostly fruit and leaf characters. In the second PC, which 
accounts for 11.20% of the total variance, 18 traits such as anthocyanin on pedicel 
(ANPDI), anthocyanin on prickles (ANPR) and prickles on stem (PRS) were predominant. 
These are characters mostly related to prickliness and fruit characters. The third PC, which 
accounts 9.80% of the total variance, was dominated by 13 traits such as anthocyanin on 
stem (ANS), anthocyanin on petiole (ANPT) and anthocyanin on main vein (ANPA), 
mostly related to the other flower and leaf characters (Table 3.7). 
The distribution pattern of the 171 accessions in a scatter plot of the first two PCs is 
presented in Figure 3.4. The accessions are coded by species (Figure 3.4a) and origin 
(Figure 3.4b). Figure 3.4a shows some separation of the species but there is extensive 
overlap. 
Figure 3.4a. 
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Figure 3.4b. 
Figure 3.4. Projection of accessions on two-dimensional bivariate matrix plots based on ordination 
analysis using similarity correlation coefficients among accessions, by species (3.4a) and 
provenance /province (3.4b). 
There is some relationship between grouping and geographic distribution of the 
accessions. Most of the accessions originated from West Kalimantan are dominated by S. 
lasiocarpum, and most of the accessions from Nusa Tenggara (Eastern part of Indonesia) 
are S. incanum/insanum and some S. melongena. (Figure 3.4b). 
Principal component analysis was also done separately on the 108 accessions of S. 
melongena and S. incanum/insanum (scatter plot not shown). The first three PCs explain 
33.10% of the total phenotypic variance. The first PC explains 15.20% of the total variance 
and is related to 17 traits such as plant branching (PBC), anthocyanin on calyx (ANCL) 
and anthocyanin on prickles (ANPR). In the second PC, which accounts for 10.50% of the 
total variance, 24 traits such as anthocyanin on stem (ANS), anthocyanin on petiole 
(ANPT) and anthocyanin on pedicel (ANPDI) were predominant. The third PC, which 
accounts for 7.40% of the total variance, was dominated by 14 traits such as plant height 
(PHG), plant breadth (PBR) and stem width (SWT) (Table 3.8). 
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Discussion 
The 56 morphological traits separated the accessions into 9 different species, placed 
in 4 main clusters (Figure 3.1).  
A surprising result is the position of accessions of the S. aethiopicum Aculeatum 
Group between two S. melongena groups in cluster A. Previously (see Chapter 2) we had 
named these accessions as S. aethiopicum Kumba Group because of fruit characteristics. 
However, upon a better characterization, we observed that these accessions have prominent 
prickles on stem, petioles, leaves and calyx. These characteristics are typical in the 
Aculeatum Group but are absent in the other S. aethiopicum groups. Solanum aethiopicum
Aculeatum Group is supposed to be originated from a cross between the Kumba Group and 
the wild and prickly species S. anguivi (Lester and Niakan, 1986; Lester and Thitai, 1989), 
which would explain the prickliness of Aculeatum Group. It is possible that this strong 
prickliness is the cause of the position of the Aculeatum Group nearer to the S. 
incanum/insanum and S. melongena accessions with more prickles than to the conspecific 
accessions of the Gilo Group in subcluster B-1.2. The occurrence of prickles (leaf surface 
prickles, prickles underneath) is reported as one of morphological traits which has a high 
discriminatory ability among accessions of the S. aethiopicum Groups (Adeniji et al., 
2013). On the other hand, the S. aethiopicum Aculeatum Group differs very much from 
both S. melongena groups in A-1, for 50% of the strongest characters we examined (Table 
3.6), and the character of fruit shape and mature fruit color. However, the S. aethiopicum
Aculeatum Group shared with the S. melongena groups some morphological characteristics 
such as presence of anthocyanin on stem, flower shape and immature fruit color. 
The Gilo Group in cluster B is more diverse, compared to the Aculeatum Group. 
There are three types of Gilo Group plants among our collected accessions, i.e. accessions 
with white small-ellipsoid fruits, dark green small-ellipsoid fruits, and green big-globular 
fruits; but there is only one type of Aculeatum Group. A large diversity in the Gilo Group 
was found previously, probably in agreement with the fact that the Gilo group is the most 
widely domesticated and cultivated group (Lester and Niakan, 1986; Schippers, 2000). The 
Gilo Group accessions were placed within the S. melongena subcluster mainly due to 
shared characters like the absence of anthocyanin and prickles, and fruit characteristics 
such as fruit color, shape, flesh firmness and flavor. 
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Out of 56 morphological characters used in our work, 15 traits were the most useful 
to discriminate among species (Table 3.5). For example, a high number of prickles on 
stem, petiole and leaves were present in S. capsicoides, S. mammosum, S. lasiocarpum and 
S. incanum/insanum, but not in others. On the other hand, these five species can also be 
easily distinguished by their fruit characteristics. Solanum mammosum can be easily 
discriminated from the others by its unique bizarre green fruits, yellow at maturity. 
Solanum lasiocarpum has larger globular fruits, while S. capsicoides and S. 
incanum/insanum have relatively smaller globular fruits. Solanum capsicoides and S. 
incanum/insanum have green, white-mottled fruits, which turn into orange (S. capsicoides) 
or yellow (S. incanum/insanum) when ripe. The fruit color of S. lasiocarpum varies among 
the different cultivars: white, green, dark green, or dark purple, which turn into yellow, or 
light brown. 
Plant height, fruit size, fruit shape, flower shape and color were the major 
characters which discriminated among S. torvum, S. violaceum, S. macrocarpon and S. 
aethiopicum. Taller plants with small berries are typical for S. torvum and S. violaceum, 
conversely S. macrocarpon and S. aethiopicum have relatively shorter plants with more 
diverse fruit shapes. Solanum torvum is characterized by very strong blade lobes, white-
stellate flowers and green fruits, yellow when ripe, while S. violaceum is characterized by 
intermediate blade lobes, purple-stellate flowers and dark-green fruits, orange when ripe. 
Solanum macrocarpon is characterized by very strong blade lobes, light purple-stellate 
flowers and white fruits at maturity that become brown when ripe, S. aethiopicum is 
characterized by strong blade lobes (Aculeatum Group) or no lobes on the blade (Gilo 
Group), white-stellate flowers and white or green fruits, orange or red at maturity. 
There is extensive variation among the accessions within all species. This 
intraspecific variation was mostly due to quantitative characters, e.g. plant height, fruit 
length and breadth, blade length and width. A few qualitative characters were also variable 
within species such as blade morphology in S. torvum and S. aethiopicum, and fruit shape 
and color in S. aethiopicum and S. mammosum. Similar results were also reported by 
Kumar et al. (2008) who found that fruit characters, such as fruit size and shape are 
distinctive characters within S. melongena accessions and hybrids with its relative species 
(Prohens et al., 2012; Kaushik et al., 2016). 
The clustering of the accessions based on phenotypic similarity in this study did not 
reflect their provenances.  
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The 56 morphological traits studied, both qualitative and quantitative were unable 
to classify 171 accessions according to geographic distribution. Most of the clusters 
include different proportions of accessions collected in different provinces.  
Interestingly, there was one subcluster that consisted of accessions from one 
specific region (Table 3.2), namely from West Kalimantan. This group is dominated by S. 
lasiocarpum, which in West Kalimantan is cultivated for food. Also subcluster I.1 (Figure 
3.3) contains a discrete group of S. incanum/insanum and S. melongena originating from 
Nusa Tenggara. 
The result of the PC analysis showed the most important and interrelated traits 
influencing the PC1, PC2 and PC3. In PC1 and PC2, the most important and interrelated 
traits could be identified as characters related to fruit, leaf and prickliness, whereas in PC3 
they were flower and leaf characters. This means that the morphological characters related 
to leaf (blade width, blade lobes, blade tip angle), prickliness (prickles on stem, petiole, 
primary vein, secondary vein, upper leaf, lower leaf), flower (flower diameter, sepal width, 
sepal length), and fruit (shape, cross section, peel color, patch, flesh color) were the most 
important for discriminating the accessions. 
The cluster analysis of S. melongena and S. incanum/insanum accessions (Figure 
3.3) showed that the upper half of subgroup I-1 comprises the prickly S. incanum/insanum
and some S. melongena accessions, which separate from the remaining S. melongena. The 
degree of prickliness is also high in subgroup A-1 and lower in the others (Figure 3.2), 
probably correlated to the nature of the accessions, from more wild into cultivated forms, 
respectively. This agrees with the position of most S. melongena (Figure 3.3) and the 
related species (Figure 3.2), which are all cultivated and used over large areas in Indonesia 
for food and traditional treatments. Most eggplant landraces are dispersed by trading 
activities in local traditional markets or between regions, not only as vegetables but also as 
processed product in small industries (Margono et el., 1993; Prayitno, 2002). 
The presence of high morphological variation between the landraces of S. 
melongena in our collection indicates the existence of a high degree of phenotypic 
diversity, implying good potential to use these landraces in breeding programs.  
The results reported here are not in agreement with those obtained by Karihaloo 
and Gottlieb (1995 ), who studied cultivated eggplants accessions (originated from India, 
Bangladesh, USA and Japan) by allozyme analysis and found them to be highly uniform 
genetically. 
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Table 3.2. List of the accessions characterized in the study. 
No. Coll. No. Species name 
Origin 
District Province 
1. 002 S. melongena Pandeglang Banten 
2. 003 S. capsicoides Pandeglang Banten 
3. 010 S. melongena Pandeglang Banten 
4. 017 S. macrocarpon Pandeglang Banten 
5. 018 S. aethiopicum Gilo Group Pandeglang Banten 
6. 023 S. melongena Pandeglang Banten 
7. 032 S. melongena Serang Banten 
8. 037 S. torvum Rangkasbitung Banten 
9. 057 S. melongena Bandung West Java 
10. 059 S. melongena Bandung West Java 
11. 069 S. melongena Ciamis West Java 
12. 071 S. capsicoides Ciamis West Java 
13. 072 S. melongena Ciamis West Java 
14. 073 S. melongena Ciamis West Java 
15. 074 S. melongena Ciamis West Java 
16. 077 S. capsicoides Ciamis West Java 
17. 078 S. mammosum Ciamis West Java 
18. 083 S. melongena Sleman Yogyakarta 
19. 088 S. melongena Gunungkidul Yogyakarta 
20. 089 S. aethiopicum Gilo Group Gunungkidul Yogyakarta 
21. 092 S. torvum Gunungkidul Yogyakarta 
22. 094 S. melongena Gunungkidul Yogyakarta 
23. 098 S. melongena Gunungkidul Yogyakarta 
24. 102 S. melongena Gunungkidul Yogyakarta 
25. 104b S. melongena Gunungkidul Yogyakarta 
26. 105 S. melongena Gunungkidul Yogyakarta 
27. 106 S. melongena Gunungkidul Yogyakarta 
28. 107 S. melongena Gunungkidul Yogyakarta 
29. 108 S. melongena Gunungkidul Yogyakarta 
30. 127 S. aethiopicum Gilo Group Magelang Central Java 
31. 134 S. melongena Sragen Central Java 
32. 145 S. aethiopicum Gilo Group Cilacap Central Java 
33. 149 S. melongena Cilacap Central Java 
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34. 151 S. melongena Cilacap Central Java 
35. 152 S. melongena Cilacap Central Java 
36. 153 S. melongena Cilacap Central Java 
37. 155 S. melongena Cilacap Central Java 
38. 156 S. melongena Cilacap Central Java 
39. 182 S. melongena Deli Serdang North Sumatra 
40. 185 S. torvum Deli Serdang North Sumatra 
41. 191 S. melongena Deli Serdang North Sumatra 
42. 195 S. torvum Deli Serdang North Sumatra 
43. 201 S. melongena Deli Serdang North Sumatra 
44. 204 S. melongena Deli Serdang North Sumatra 
45. 205 S. melongena Deli Serdang North Sumatra 
46. 211b S. melongena Serdang Bedagai North Sumatra 
47. 211 S. melongena Serdang Bedagai North Sumatra 
48. 215 S. torvum Deli Serdang North Sumatra 
49. 216 S. melongena Tanah Karo North Sumatra 
50. 223 S. capsicoides Solok West Sumatra 
51. 225 S. aethiopicum Gilo Group Solok West Sumatra 
52. 226 
S. aethiopicum Aculeatum 
Group* 
Solok West Sumatra 
53. 229 S. melongena Solok West Sumatra 
54. 231 S. macrocarpon Solok West Sumatra 
55. 236 S. melongena Kodya Padang West Sumatra 
56. 241 S. incanum/insanum Agam West Sumatra 
57. 242 S. melongena Agam West Sumatra 
58. 244 S. melongena Agam West Sumatra 
59. 246 S. melongena Pasaman West Sumatra 
60. 248 S. melongena Limapuluh Kota West Sumatra 
61. 249 S. melongena Limapuluh Kota West Sumatra 
62. 251 S. mammosum Agam West Sumatra 
63. 252 S. violaceum Tanah Datar West Sumatra 
64. 256 S. melongena Ogan Ilir South Sumatra 
65. 260 S. melongena Ogan Ilir South Sumatra 
66. 265 S. torvum Ogan Ilir South Sumatra 
67. 267 S. melongena Muaraenim South Sumatra 
68. 280 S. melongena Ogan Komering Ulu South Sumatra 
Morphological diversity of Indonesian eggplants and other  
species of the subgenus Leptostemonum
117
69. 281 S. mammosum Muaraenim South Sumatra 
70. 289 S. melongena Muaraenim South Sumatra 
71. 400 S. melongena Kepahiang Bengkulu 
72. 402 S. melongena Kepahiang Bengkulu 
73. 405 S. melongena Kepahiang Bengkulu 
74. 408b S. melongena Rejang Lebong Bengkulu 
75. 411 S. melongena Rejang Lebong Bengkulu 
76. 416b S. melongena Rejang Lebong Bengkulu 
77. 417 S. melongena Rejang Lebong Bengkulu 
78. 418 S. melongena Lebong Bengkulu 
79. 423 S. mammosum Seluma Bengkulu 
80. 424 S. lasiocarpum Seluma Bengkulu 
81. 601 S. torvum Kota Pontianak West Kalimantan 
82. 605 S. melongena Kubu Raya West Kalimantan 
83. 607 S. macrocarpon Kubu Raya West Kalimantan 
84. 608 S. torvum Kubu Raya West Kalimantan 
85. 609 S. melongena Pontianak West Kalimantan 
86. 611 S. violaceum Pontianak West Kalimantan 
87. 614 S. lasiocarpum Kota Singkawang West Kalimantan 
88. 615 S. melongena Kota Singkawang West Kalimantan 
89. 616 S. lasiocarpum Kota Singkawang West Kalimantan 
90. 617 S. lasiocarpum Kota Singkawang West Kalimantan 
91. 619 S. melongena Kota Singkawang West Kalimantan 
92. 620 S. melongena Kota Singkawang West Kalimantan 
93. 622 S. lasiocarpum Sambas West Kalimantan 
94. 624 S. lasiocarpum Sambas West Kalimantan 
95. 625 S. torvum Sambas West Kalimantan 
96. 626 S. lasiocarpum Sambas West Kalimantan 
97. 628 S. lasiocarpum Kota Singkawang West Kalimantan 
98. 629 S. lasiocarpum Kota Singkawang West Kalimantan 
99. 631 S. lasiocarpum Sambas West Kalimantan 
100. 632 S. lasiocarpum Sambas West Kalimantan 
101. 633 S. lasiocarpum Sambas West Kalimantan 
102. 635 S. macrocarpon Bengkayang West Kalimantan 
103. 636 S. lasiocarpum Bengkayang West Kalimantan 
104. 637 S. melongena Bengkayang West Kalimantan 
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105. 639 S. lasiocarpum Bengkayang West Kalimantan 
106. 642 S. melongena Bengkayang West Kalimantan 
107. 644 S. melongena Bengkayang West Kalimantan 
108. 647 S. lasiocarpum Bengkayang West Kalimantan 
109. 649 S. lasiocarpum Bengkayang West Kalimantan 
110. 650 S. lasiocarpum Bengkayang West Kalimantan 
111. 651 S. lasiocarpum Bengkayang West Kalimantan 
112. 655 S. lasiocarpum Bengkayang West Kalimantan 
113. 658 S. lasiocarpum Bengkayang West Kalimantan 
114. 659 S. macrocarpon Bengkayang West Kalimantan 
115. 660 S. melongena Landak West Kalimantan 
116. 700 S. torvum Lombok Tengah 
West Nusa 
Tenggara 
117. 704 S. melongena Lombok Tengah 
West Nusa 
Tenggara 
118. 708 S. melongena Lombok Timur 
West Nusa 
Tenggara 
119. 709 S. melongena Lombok Barat 
West Nusa 
Tenggara 
120. 710 S. melongena Lombok Barat 
West Nusa 
Tenggara 
121. 711 S. melongena Lombok Barat 
West Nusa 
Tenggara 
122. 715 S. torvum 
West Nusa 
Tenggara 
123. 717 S. melongena 
West Nusa 
Tenggara 
124. 720 S. melongena Sumbawa Barat 
West Nusa 
Tenggara 
125. 721 S. incanum/insanum Sumbawa Barat 
West Nusa 
Tenggara 
126. 722 S. incanum/insanum Sumbawa Barat 
West Nusa 
Tenggara 
127. 724 S. melongena 
West Nusa 
Tenggara 
128. 727 S. melongena West Nusa 
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Tenggara 
129. 729 S. melongena Sumbawa Barat 
West Nusa 
Tenggara 
130. 731a S. melongena Sumbawa Barat 
West Nusa 
Tenggara 
131. 731 S. melongena Sumbawa Barat 
West Nusa 
Tenggara 
132. 750 S. incanum/insanum 
Timor Tengah 
Selatan 
East Nusa Tenggara 
133. 753 S. melongena 
Timor Tengah 
Selatan 
East Nusa Tenggara 
134. 755 S. incanum/insanum Belu East Nusa Tenggara 
135. 756 S. incanum/insanum Belu East Nusa Tenggara 
136. 759 S. melongena Belu East Nusa Tenggara 
137. 762 S. melongena Belu East Nusa Tenggara 
138. 764 S. melongena Belu East Nusa Tenggara 
139. 767 S. melongena Belu East Nusa Tenggara 
140. 769 S. incanum/insanum Belu East Nusa Tenggara 
141. 771 S. melongena Belu East Nusa Tenggara 
142. 772 S. melongena Belu East Nusa Tenggara 
143. 774 S. incanum/insanum Belu East Nusa Tenggara 
144. 776 S. melongena Timor Tengah Utara East Nusa Tenggara 
145. 777 S. melongena Timor Tengah Utara East Nusa Tenggara 
146. 779 S. lasiocarpum Timor Tengah Utara East Nusa Tenggara 
147. 783 
S. aethiopicum Aculeatum 
Group* 
Timor Tengah 
Selatan 
East Nusa Tenggara 
148. 784 
S. aethiopicum Aculeatum 
Group* 
Timor Tengah 
Selatan 
East Nusa Tenggara 
149. 785 
S. aethiopicum Aculeatum 
Group* 
Timor Tengah 
Selatan 
East Nusa Tenggara 
150. 791 S. aethiopicum Gilo Group
Timor Tengah 
Selatan 
East Nusa Tenggara 
151. 794 S. incanum/insanum Kupang East Nusa Tenggara 
152. 795 S. melongena Kodya Kupang East Nusa Tenggara 
153. 801 S. melongena Minahasa North Sulawesi 
154. 806 S. melongena Minahasa North Sulawesi 
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155. 807 S. melongena Ogan Ilir North Sulawesi 
156. 812 S. melongena Kotamobagu North Sulawesi 
157. 813 S. melongena Kotamobagu North Sulawesi 
158. 814 S. mammosum Bolaang Mongondow North Sulawesi 
159. 818 S. melongena Kodya Manado North Sulawesi 
160. 823a S. melongena Minahasa Utara North Sulawesi 
161. 823b S. mammosum Kota Tomohon North Sulawesi 
162. 824 S. melongena Minahasa North Sulawesi 
163. 827 S. capsicoides Minahasa North Sulawesi 
164. 828 S. aethiopicum Gilo Group Minahasa North Sulawesi 
165. 832 S. torvum Minahasa North Sulawesi 
166. 833 S. melongena Minahasa North Sulawesi 
167. 840 S. lasiocarpum Minahasa Selatan North Sulawesi 
168. 841 S. melongena Minahasa Selatan North Sulawesi 
169. 845 S. melongena Minahasa Selatan North Sulawesi 
170. 846 S. melongena Minahasa Selatan North Sulawesi 
171. 849 S. melongena Minahasa Selatan North Sulawesi 
* Accessions 226, 783, 784 and 785 were originally identified as S. aethiopicum Kumba Group 
based on fruit characteristics (Chapter 2) but were re-classified in the present study as S. 
aethiopicum Aculeatum Group due to the occurrence of prominent prickles on stem, petioles, 
leaves and calyx. 
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Table 3.7. Eigenvalues, Eigenvectors, individual and cumulative percentage of variance explained 
by the first three principal components (PCs) derived from 56 morphological traits in 171 
accessions. 
PC1 PC2 PC3
Eigenvalue 11.31 6.28 5.51
Individual % of variance 20.20 11.20 9.80
Cumulative % of variance 20.20 31.40 41.20
Eigenvectors: 
PHG -0.189 -0.039 0.015
PBR -0.201 -0.014 -0.019
PBC -0.093 -0.002 -0.012
SWT -0.239 -0.101 0.073
ANS -0.018 0.017 0.309
ANPT -0.016 0.139 0.224
ANPDI 0.099 0.151 0.128
ANPDU 0.081 0.09 0.142
ANCL 0.045 0.126 0.134
ANCO 0.186 0.035 0.12
ANPR -0.045 0.196 0.166
ANFR 0.132 -0.069 0.104
ANPA 0.096 -0.013 0.227
ANSA 0.165 0.06 0.145
PRS -0.148 0.183 0.076
PRPT -0.132 0.239 0.063
PRPDI 0.158 0.204 0.013
PRPDU -0.015 0.229 -0.111
PRCL 0.197 0.149 -0.024
PRPA -0.116 0.223 0.161
PRSA -0.161 0.227 0.119
PRUL -0.128 0.227 0.119
PRLL -0.096 0.252 0.099
HRLL 0.01 -0.103 0.053
BLG -0.148 -0.194 0.176
BWT -0.179 -0.064 0.101
BLB -0.193 0.086 0.031
BTA 0.19 0.008 0.073
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PTCOL 0.054 0.108 0.253
LPR -0.183 0.084 0.172
COCOL 0.17 0.057 0.14
PTLG -0.07 -0.056 0.22
PTWT 0.177 -0.101 0.123
SPLG 0.093 -0.161 0.207
SPWT -0.068 -0.111 0.23
NUF -0.202 -0.043 -0.089
FDIAM 0.1 -0.123 0.221
COTLG 0.202 -0.092 0.094
ANTLG -0.002 -0.056 0.239
STEX 0.071 -0.012 -0.006
PDIPR 0.03 0.315 -0.093
FRPOS 0.242 0.036 0.036
FRSHP 0.115 -0.121 0.047
FRCS 0.054 0.03 -0.007
FRFLA -0.006 -0.172 0.162
FRAPX -0.034 -0.046 0.022
FRCOLCOM 0.121 -0.084 0.088
FRCOLDT 0.122 0.036 -0.165
FRPCH 0.147 0.119 -0.006
FRSTR 0.084 0.002 -0.211
FRCOLPHY 0.107 -0.068 0.047
FRFD -0.152 -0.064 0.033
FRFCOL -0.181 -0.086 0.082
CLPR 0.03 0.239 -0.086
SCOL 0.195 0.153 0.008
SSIZ 0.023 0.143 0.004
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Table 3.8. Eigenvalues, Eigenvectors, individual and cumulative percentage of variance explained 
by the first three principal components (PCs) derived from 56 morphological traits in 108 
accessions. 
PC1 PC2 PC3
Eigenvalue 8.34 5.76 4.08
Individual % of variance 15.20 10.50 7.40
Cumulative % of variance 15.20 25.60 33.10
Eigenvectors: 
PHG -0.054 0.05 -0.09
PBR 0 0.039 0.13
PBC 0.097 0.018 0.029
SWT -0.108 0.09 0.126
ANS 0.12 0.225 -0.18
ANPT 0.113 0.199 -0.156
ANPDI 0.144 0.192 -0.141
ANPDU 0.149 0.212 -0.116
ANCL 0.151 0.147 -0.092
ANCO 0.099 0.138 -0.144
ANPR 0.194 0.16 0.172
ANFR -0.054 0.18 0.045
ANPA 0.103 0.207 -0.237
ANSA 0.117 0.211 -0.2
PRS 0.136 -0.024 0.213
PRPT 0.21 0.008 0.188
PRPDI 0.103 0.077 0.213
PRPDU 0.107 -0.005 -0.007
PRCL 0.058 0.04 0.33
PRPA 0.188 0.093 0.235
PRSA 0.222 0.042 0.202
PRUL 0.194 0.017 0.223
PRLL 0.247 -0.002 0.149
HRLL -0.209 0.183 0.114
BLG -0.175 0.151 0.151
BWT -0.011 0.139 0.106
BLB 0.002 0.089 0.067
BTA 0.195 0.197 -0.168
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PTCOL 0.265 0.019 0.158
LPR 0.116 0.165 -0.107
COCOL -0.126 0.093 0.101
PTLG -0.071 0.073 -0.06
PTWT -0.198 0.175 0.11
SPLG -0.084 0.072 0.001
SPWT 0.095 0.153 0.026
NUF -0.158 0.144 0.022
FDIAM -0.147 0.191 0.097
COTLG -0.112 0.252 0.063
ANTLG 0.029 0.025 0.039
STEX 0.212 0.03 0.104
PDIPR 0.027 0.05 0.072
FRPOS -0.164 0.17 0.067
FRSHP -0.026 -0.08 0.076
FRCS -0.118 0.134 -0.039
FRFLA 0.004 0.131 -0.068
FRAPX -0.11 0.262 0.071
FRCOLCOM -0.033 0.041 0.158
FRCOLDT 0.182 -0.099 0.008
FRPCH -0.086 -0.065 0.151
FRSTR -0.088 0.213 0.025
FRCOLPHY 0.166 -0.123 -0.164
FRFD -0.086 0.088 0.05
FRFCOL 0.096 0.107 0.136
CLPR 0.055 0.138 -0.075
SCOL -0.096 0.099 0.098
SSIZ 


Chapter 4
Diversity of Indonesian terong as 
revealed by AFLP (Amplified Fragment
Length Polymorphism) markers

Diversity of Indonesian terong as revealed by AFLP  
(Amplified Fragment Length Polymorphism) markers 
133
 Abstract 
A molecular characterization of eggplant accessions was conducted focussing on S. 
incanum/insanum and S. melongena, which were the most difficult to distinguish using 
morphological markers. Using AFLP markers we show that 199 accessions of eggplant and 
13 accessions of the prickly eggplant S. incanum/insanum were mostly intermixed. 
Furthermore there was relatively low genetic variation among S. melongena accessions, 
and there was no association between the clustering and morphological characters, only in 
one case there was clustering based on geographic provenance of the accessions.  
Introduction 
Eggplant (Solanum melongena L.), also known as aubergine or brinjal, is an 
important vegetable crop worldwide, with a high diversity in its genetic resources (Daunay 
et al., 2001a; Daunay, 2008). It is known as a good source of minerals and has great 
potential for its medical value (Frary and Doganlar, 2013). The top two producers of 
eggplant are China and India (FAOSTAT, 2018), but it has become also an important 
product in Indonesia (see Chapter 1). The morphological variation in eggplant fruits has 
led to different uses, for example in the Indonesian regional cuisines. In the previous 
chapter (Chapter 3), eggplant accessions collected from different regions in Indonesia have 
been characterized on the basis of 56 morphological characters. That study showed a high 
variation mainly in a few characters: anthocyanin presence (on stem, leaves and flowers), 
prickles (on stem and leaves), and fruit characters such as shape, color and taste. In the 
present chapter, a molecular characterization of eggplant accessions using AFLP 
(Amplified Fragment Length Polymorphism) markers was undertaken to obtain a more 
accurate estimate of their genetic variation. 
AFLP has been used for molecular taxonomy studies on eggplant by Mace et al. 
(1999), Furini and Wunder (2004) and Prohens et al. (2005). The AFLP technique clearly 
showed the possibility to distinguish groups within S. melongena, as well as S. melongena
from related species. The wild and weedy taxa (group E and F), were shown to be distinct 
from the primitive and advanced cultivars (group G and H) (Mace et al., 1999), which 
could not be distinguished before by using the RAPD technique (Karihaloo et al., 1995). 
These AFLP results pointed at the possibility that DNA variation may occur at a different 
rate compared to the divergence in morphological traits.  
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Therefore, it is advisable to integrate molecular and morphological data in a 
taxonomical study (Furini and Wunder, 2004).  
Recent diversity studies on Spanish (Prohens et al., 2005; Muñoz-Falcón et al., 
2008; Muñoz-Falcón et al., 2009) and Turkish eggplant (Tümbilen et al., 2011) also used 
AFLP in combination with morphological data. Cluster analysis of Turkish eggplant based 
on AFLP data showed no association with the morphological diversity (Tümbilen et al., 
2011). However, the other studies demonstrated that both morphology and molecular 
markers are useful for determining the diversity among Spanish eggplant accessions 
(Prohens et al., 2005; Muñoz-Falcón et al., 2008, 2009). In combinations with other 
molecular tools, AFLP was used also for constructing genetic linkage maps of eggplant 
(Nunome et al., 2001; Frary et al., 2007), and to study association of markers with peel 
color (Liao et al., 2009). The present AFLP study on 214 accessions of Indonesian 
eggplant (S. melongena) was done to estimate their genetic variation to compare it with the 
variation in morphological traits, and to find possible relations between genetic variation 
and geographic origins of the accessions. 
Materials and Methods 
Plant material 
A total of 214 accessions were used in this study. These accessions comprised 199 
accessions of eggplant (S. melongena), 13 accessions of prickly eggplant (morphologically 
identified as S. incanum/insanum) collected from twelve provinces in Indonesia , and 2 
elite cultivars ‘Mustang’ (light-purple cylindrical fruit) and ‘Gelatik’ (mottled-green 
globular fruit) (Table 4.1). Seeds of these 214 accessions were taken to the Experimental 
Garden and Genebank, Radboud University Nijmegen, the Netherlands. and were 
germinated. Plants were raised in pots with a standard soil mixture (Lentse Potgrond no.4) 
and were grown under controlled greenhouse condition. Samples were taken from young 
and actively growing leaves for DNA extraction. 
DNA extraction 
The samples were frozen in liquid nitrogen before they were ground with Retsch-
Westburg Mixer Mill (MM300) to a fine powder.  
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Total plant genomic DNA was isolated from 40 mg of ground samples using 
Wizard® Genomic DNA Purification Kit (Promega). DNA isolation was done following a 
procedure for plant DNA extraction and isolation supplied by Promega manufacturer, with 
some minor modifications. DNA concentration was estimated and standardized against 
known concentrations of λDNA (λDNA/PstI Marker, 24) on 1% agarose (Roche) gel 
stained with Ethidium bromide (Eurogentec, Belgium). Aliquots from the DNA 
preparations were used for AFLP analysis. 
AFLP analysis 
AFLP analysis was carried out essentially as described by Vos et al. (1995), with 
some modifications. 5 µl DNA sample, containing 200-500 ng DNA/10 µl, was double 
digested with two restriction endonucleases, EcoRI and MseI (Fermentas, Germany) in 40 
µl reaction volume containing 4 µl of 10xRL buffer, 0.2 µl of BSA 10 mg/ml, 0.5 µl of 
EcoRI 10 U/µl, 0.5 µl of MseI 10.U/µl, and volume made up with sterile distilled water. 
The digestion mix was incubated at 37 oC for 1 hour. The restriction products (40 µl) were 
mixed with 10 µl of ligation mix containing 0.2 µl of EcoRI adapter (5’CTC GTA GAC 
TGC GTA CC3’ and 5’AAT TGG TAC GCA GTC TAC3’) 5 pmol/µl, 2 µl of MseI 
adapter (5’GAC GAT GAG TCC TGA G3’ and 5’TAC TCA GGA CTC AT3’) 50 
pmol/µl, 1 µl of ATP 10 mM, 1 µl of 10xRL buffer, 0.05 µl of BSA 10 mg/ml, 0.2 µl of 
T4 DNA ligase 5 U/µl (Fermentas, Germany), and the volume made up with sterile 
distilled water. Ligation was carried out at 37 oC for 3 hours. The ligation product was 
diluted by 1:4 with TE buffer (10 mM Tris-HCl, pH 8.0, 0.1 mM EDTA). 
Pre-amplification was performed in a Perkin-Elmer GeneAmp 9600 Thermal 
Cycler. by preparing a master mix which was distributed in a 96-well PCR plate, each 
sample finally containing 5 µl of diluted template DNA, 1.06 µl of pre-amplification 
primers mix (Eco-A preamp and Mse-C preamp 10 ng/µl), 0.4 µl dNTP 10 mM, 2 µl 
100xTaq buffer with (NH4)2SO4-MgCl2 (Fermentas, Germany), 0.08 µl of DreamTaq 
DNA polymerase 5 U/µl (Fermentas, Germany), and the volume made up with sterile 
distilled water. The PCR reaction was programmed as follows: denaturation (94 oC for 30 
sec.), annealing (56 oC for 60 sec.), and elongation (72 oC for 60 sec. + 1 sec. per cycle) 
were done at 28 cycles; final extension (72 oC for 120 sec.). The pre-amplification product 
was checked on a 1.5% agarose (Roche) gel stained with Ethidium bromide (Eurogentec, 
Belgium).
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EcoRI primers were radio-labeled by phosphorylating the 5’ end of the primers 
with [γ-33P]ATP (Biomedicals, USA) and T4 Polynucleotide Kinase (Eurogentec, 
Belgium). Selective amplification was carried out in a 20 µl reaction volume which 
contained 5 µl of diluted (1:50) pre-amplified DNA, 2 µl of PCR buffer with MgCl2, 1 µl 
of labeled EcoRI primer 10 ng/µl, 0.6 µl of MseI primer 10 pmol/µl, 0.4 µl of dNTP 10 
mM, 0.08 µl of DreamTaq DNA polymerase 5 U/µl (Fermentas, Germany) and 10.92 µl of 
sterile water.  
The PCR conditions were: denaturation (94 oC for 30 sec.), annealing (65 oC for 60 
sec.;-0.7 oC per cycle), and elongation (72 oC for 60 sec.) at 13 cycles; followed by the 
second denaturation (94 oC for 30 sec.), annealing (56 oC for 60 sec.), elongation (72 oC for 
60 sec.; + 1 sec. per cycle) at 25 cycles, and final extension (72 oC for 2 min.). The 
amplification products were separated on a 4.5% polyacrylamide gel (Duchefa, The 
Netherlands), dried on paper and visualized by exposure to X-ray film (Kodak BioMax©
MR) for 2-4 days depending on the intensity of the signal. A total of 12 primer 
combinations with three selective nucleotides were surveyed. Of those, only 4 primers 
were found suitable (Table 4.2) and used to analyze all 214 accessions. These selected 
primers showed polymorphic patterns among the samples tested. 
Data scoring and analysis 
The generated radiograms were scored manually for the presence (1) and absence 
(0) of fragments. Only distinct and well-resolved fragments were scored. Estimates of 
similarity were based on the Simple Matching (SM) coefficient (Sokal and Michener, 
1958). Simple Matching coefficient is considered to be the more appropriate measure of 
similarity when closely related taxa are compared (Halldén et al., 1994). A similarity 
matrix was generated using the SIMQUAL module for qualitative data in the NTSYSpc 
2.11x, (Rohlf, 2000), by Exeter Software, New York, USA. The matrix of similarity was 
then used in the SAHN procedure and the Unweighted Pair Group Method with Arithmetic 
Mean (UPGMA) method was used to construct a dendrogram. 
Results 
From the twelve AFLP primer combinations screened, the four most polymorphic 
primer combinations were used (EcoRI-ACA/MseI-CAG, EcoRI-ACC/MseI-CAA, EcoRI-
ACG/MseI-CAA, EcoRI-ACT/MseI-CAG) for selective amplification.  
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A total of 300 amplification fragments were produced, with 89 polymorphic bands 
(29.67%). Thus, there were 22.25 polymorphic bands per primer combination in average. 
Primer combinations EcoRI-ACC/MseI-CAA and EcoRI-ACA/MseI-CAG produced the 
most polymorphic markers with 24 and 23 fragments, respectively (Table 4.2). 
Table 4.2. Selected primer pairs used to analyze 214 eggplant accessions along with features of 
their amplification products. 
Primer pairs 
Total number of 
amplification 
fragments 
Number of 
polymorphic 
fragments 
Percent 
polymorphism 
EcoRI-ACA/MseI-CAG 67 23 34.33% 
EcoRI-ACC/MseI-CAA 95 24 25.26% 
EcoRI-ACG/MseI-CAA 75 21 28.00% 
EcoRI-ACT/MseI-CAG 63 21 33.33% 
Range 63 – 95 21 – 24 25.26 – 34.33% 
Total 300 89 
Average 75 22.25 29.67% 
The dendrogram based on UPGMA cluster analysis showed a genetic similarity ranging 
from 0.67 - 0.97, indicating that all the studied accessions are relatively similar. The 
dendrogram, Figure 4.1a, 4.1b and 4.1c, shows two main clusters: A and B, and a number 
of basal branches. Cluster A is divided into six sub-clusters. 
Table 4.3 shows the number of accessions in the subclusters of cluster A and in 
cluster B, and the provinces where they were collected. Most accessions in subcluster A-1 
originate from South Sumatra and North Sulawesi. Accessions from Yogyakarta show the 
highest number in subcluster A-2 in which accessions from all provinces are present. In 
cluster A-3 most accessions originate from Bengkulu. The highest number of accessions in 
subcluster A-4 is composed of accessions from North Sumatra. Subcluster A-5 is 
dominated by accessions from West Nusa Tenggara. Only two accession are represented in 
subcluster A-6. The majority of accessions in cluster B originates from East Nusa 
Tenggara.  
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Table 4.3. Number of accessions per subcluster/cluster and their origin. 
Cluster A 
Subclusters Cluster 
Province A-1 A-2 A-3 A-4 A-5 A-6 B Basal branches
30 acc. 64 acc. 37 acc. 33 acc. 20 acc. 2 acc. 17 acc. 9 acc. 
Banten 1 2 1 - 2 - - - 
West Java - 9 1 - - - - - 
Yogyakarta 1 14 - 1 2 - 1 1 
Central Java 3 8 - - - - - - 
North 
Sumatra 3 9 6 9 - 1 - 3 
West 
Sumatra 3 3 4 3 - - - 1 
South 
Sumatra 6 1 6 2 1 - - - 
Bengkulu 1 1 9 3 2 - - 1 
West 
Kalimantan - 3 4 3 - 1 1 1 
West Nusa 
Tenggara 1 4 4 3 10 - 4 1 
East Nusa 
Tenggara 5 2 - 2 2 - 11 - 
North 
Sulawesi 6 8 2 7 1 - - 1 
The accessions of prickly eggplant, S. incanum/insanum, are indicated in bold in 
Figure 4.1a - c. Some of these accessions were placed among the eggplant accessions in 
clusters A.3-A.5. However, there is a concentration of S. incanum/insanum accessions 
originating from Nusa Tenggara islands, in cluster B. The results of this cluster analysis 
did not show a specific association with morphological characters. 
We used NTSYS-pc to generate a similarity matrix of the AFLP data and compared 
it with the similarity matrix of morphological characters of all accessions shared between 
the analysis of Chapter 3 and 4 (data not shown). A Mantel test on this comparison 
indicated that there is no correlation between the two data sets (r = -0.1766; p = 0.0063). 
Figure 4.1a. UPGMA cluster analysis-based dendrogram of 214 accessions constructed from 
AFLP data using Simple Matching (SM) similarity coefficient. 
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Figure 4.1b. UPGMA cluster analysis-based dendrogram of 214 accessions constructed from 
AFLP data using Simple Matching (SM) similarity coefficient (continued). 
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Figure 4.1c. UPGMA cluster analysis-based dendrogram of 214 accessions constructed from 
AFLP data using Simple Matching (SM) similarity coefficient (continued). 
Discussion 
The present study revealed the genetic diversity among eggplant accessions from 
different regions in Indonesia. This is the first molecular study done on an Indonesian 
collection of eggplant landraces. IVEGRI’s gene bank in Lembang (Indonesia) currently 
manages a collection of 51 accessions (pers. comm.) of eggplant. However, this collection 
is not completely characterized yet (IVEGRI, 2015). 
The AFLP data showed that the average polymorphism among S. melongena
accessions was 29.67%. The frequency of polymorphic bands in the present study was 
higher than that found by Muñoz-Falcón et al. (2008; 24.8%), Muñoz-Falcón et al. (2009; 
26.3%), and Tümbilen et al. (2011; 29%), but it is still considered low.  
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Low frequency of polymorphism among cultivars in eggplant has been reported 
before by Nunome et al. (2001, 2003), who studied eggplant accessions from Japan by 
using RAPD, AFLP and microsatellites. Similar results were reported by Stàgel et al. 
(2008), who characterized several breeding lines and cultivated varieties of eggplant using 
microsatellites. Our results on the Indonesian accessions also suggest that DNA 
polymorphism in this eggplant germplasm is low.  
Solanum melongena was suggested by Lester and Hasan (1991) and Weese and 
Bohs (2010) to have originated from an African species, S. incanum, although more 
recently Knapp et al. (2013) designated S. insanum (formerly considered a feral form of S. 
melongena) as the Asian progenitor. The migration of the wild ancestor of S. melongena,
into South and South-East Asia has been suggested to be due to transport over land by 
humans (Lester and Hasan, 1991; Weese and Bohs, 2010). It seems possible that the basic 
genetic pool from which the cultivated forms arose was already very small. 
AFLP analysis revealed only limited correlation between genetic diversity of 
Indonesian eggplant and their geographic distribution. Although we collected our 
accessions on several islands, we do not know the exact location of the initial cultivation. 
Eggplant has become such a popular vegetable in Indonesia that it is now cultivated on 
most islands. The poor divergence between accessions from different locations may be due 
to the short distance between locations, enabling gene flow between them. Another cause 
could be the small gene pool (narrow genetic basis) of the original population that was 
introduced to the locations investigated in this study. 
Our study could not confirm any clear relationship between AFLP and 
morphological data. The correlation (r) between morphological and AFLP similarity 
matrices of all accessions shared between the analyses of Chapter 3 and 4 was low (-
0.1766) and not significant (p = 0.0063, 1000 random permutations). A similar result was 
obtained for Turkish eggplant accessions investigated by Tümbilen et al. (2011). In 
contrast, fruit shape (long and semi-long type) and stripes of Spanish eggplant accessions 
showed clustering in a PCo analysis based on AFLP data (Prohens et al., 2005). A high 
level of correlation between DNA markers and morphological characters may be absent 
but still morphological traits are important for identification (Ayana et al., 2000).  
Morphological data should be used complementary with molecular data. Cluster B 
contains most of the prickly eggplants (S. incanum/insanum) from Nusa Tenggara islands, 
and some eggplant (S. melongena) accessions also from Nusa Tenggara are placed in this 
cluster as well.  
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These accessions maintain a similar grouping in the dendrogram based on 
morphological traits in Chapter 3 (see Figure 4.1 and 3.3, subcluster I-1).These accessions 
may be the progenies derived from the crossing between S. melongena and S. 
incanum/insanum, as it was reported before that crossing between these two species 
produced fertile hybrids (Rao, 1981; Hasan and Lester, 1992; Behera and Singh, 2002).  
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Table 4.1. List of the accessions used in the study. 
No. Collection no.
Morphologically 
identified as 
District Province 
1. 009 S. melongena Pandeglang Banten 
2. 011 S. melongena Serang Banten 
3. 020 S. melongena Pandeglang Banten 
4. 023 S. melongena Pandeglang Banten 
5. 032 S. melongena Serang Banten 
6. 042 S. melongena Rangkasbitung Banten 
7. 049 S. melongena Bogor West Java 
8. 057 S. melongena Bandung West Java 
9. 059 S. melongena Bandung West Java 
10. 064 S. melongena Kodya Bandung West Java 
11. 068 S. melongena Ciamis West Java 
12. 069 S. melongena Ciamis West Java 
13. 069b S. melongena Ciamis West Java 
14. 072 S. melongena Ciamis West Java 
15. 073 S. melongena Ciamis West Java 
16. 074 S. melongena Ciamis West Java 
17. 079 S. melongena Bantul Yogyakarta 
18. 083 S. melongena Sleman Yogyakarta 
19. 084 S. melongena Sleman Yogyakarta 
20. 088 S. melongena Gunungkidul Yogyakarta 
21. 094 S. melongena Gunungkidul Yogyakarta 
22. 095 S. melongena Gunungkidul Yogyakarta 
23. 098 S. melongena Gunungkidul Yogyakarta 
24. 099 S. melongena Gunungkidul Yogyakarta 
25. 100 S. melongena Gunungkidul Yogyakarta 
26. 101 S. melongena Gunungkidul Yogyakarta 
27. 102 S. melongena Gunungkidul Yogyakarta 
28. 103 S. melongena Gunungkidul Yogyakarta 
29. 104b S. melongena Gunungkidul Yogyakarta 
30. 105 S. melongena Gunungkidul Yogyakarta 
31. 106 S. melongena Gunungkidul Yogyakarta 
32. 107 S. melongena Gunungkidul Yogyakarta 
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33. 108 S. melongena Gunungkidul Yogyakarta 
34. 110 S. melongena Bantul Yogyakarta 
35. 116 S. melongena Kulonprogo Yogyakarta 
36. 120 S. melongena Kulonprogo Yogyakarta 
37. 123 S. melongena Semarang Central Java 
38. 143 S. melongena Cilacap Central Java 
39. 147 S. melongena Cilacap Central Java 
40. 149 S. melongena Cilacap Central Java 
41. 150 S. melongena Cilacap Central Java 
42. 151 S. melongena Cilacap Central Java 
43. 152 S. melongena Cilacap Central Java 
44. 153 S. melongena Cilacap Central Java 
45. 154 S. melongena Cilacap Central Java 
46. 155 S. melongena Cilacap Central Java 
47. 156 S. melongena Cilacap Central Java 
48. 181 S. melongena Deli Serdang North Sumatra 
49. 182 S. melongena Deli Serdang North Sumatra 
50. 183 S. melongena Deli Serdang North Sumatra 
51. 184 S. melongena Deli Serdang North Sumatra 
52. 187 S. melongena Deli Serdang North Sumatra 
53. 189 S. melongena Deli Serdang North Sumatra 
54. 190 S. melongena Deli Serdang North Sumatra 
55. 191 S. melongena Deli Serdang North Sumatra 
56. 193 S. melongena Deli Serdang North Sumatra 
57. 194 S. melongena Deli Serdang North Sumatra 
58. 196 S. melongena Deli Serdang North Sumatra 
59. 197 S. melongena Deli Serdang North Sumatra 
60. 198 S. melongena Deli Serdang North Sumatra 
61. 199 S. melongena Deli Serdang North Sumatra 
62. 200 S. melongena Deli Serdang North Sumatra 
63. 201 S. melongena Deli Serdang North Sumatra 
64. 202 S. melongena Deli Serdang North Sumatra 
65. 203 S. melongena Deli Serdang North Sumatra 
66. 204 S. melongena Deli Serdang North Sumatra 
67. 205 S. melongena Deli Serdang North Sumatra 
68. 207 S. melongena Sedang Bedagai North Sumatra 
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69. 208 S. melongena Sedang Bedagai North Sumatra 
70. 208b S. melongena Sedang Bedagai North Sumatra 
71. 211 S. melongena Sedang Bedagai North Sumatra 
72. 211b S. melongena Sedang Bedagai North Sumatra 
73. 212 S. melongena Sedang Bedagai North Sumatra 
74. 213 S. melongena Sedang Bedagai North Sumatra 
75. 216 S. melongena Tanah Karo North Sumatra 
76. 217 S. melongena Tanah Karo North Sumatra 
77. 220 S. melongena Simalungun North Sumatra 
78. 221 S. melongena Simalungun North Sumatra 
79. 228 S. melongena Solok West Sumatra 
80. 229 S. melongena Solok West Sumatra 
81. 235 S. melongena Kodya Padang West Sumatra 
82. 236 S. melongena Kodya Padang West Sumatra 
83. 238 S. melongena Kodya Padang West Sumatra 
84. 240 S. melongena Padang Pariaman West Sumatra 
85. 241 S. incanum/insanum Agam West Sumatra 
86. 242 S. melongena Agam West Sumatra 
87. 243 S. melongena Agam West Sumatra 
88. 244 S. melongena Agam West Sumatra 
89. 246 S. melongena Pasaman West Sumatra 
90. 248 S. melongena Limapuluh Kota West Sumatra 
91. 249 S. melongena Limapuluh Kota West Sumatra 
92. 253 S. melongena Tanah Datar West Sumatra 
93. 256 S. melongena Ogan Ilir South Sumatra 
94. 258 S. melongena Ogan Ilir South Sumatra 
95. 260 S. melongena Ogan Ilir South Sumatra 
96. 267 S. melongena Muaraenim South Sumatra 
97. 268 S. melongena Muaraenim South Sumatra 
98. 269 S. melongena Muaraenim South Sumatra 
99. 270 S. melongena Muaraenim South Sumatra 
100. 271 S. melongena
Ogan Komering 
Ulu 
South Sumatra 
101. 275 S. melongena
Ogan Komering 
Ulu 
South Sumatra 
102. 278 S. melongena Ogan Komering South Sumatra 
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Ulu 
103. 280 S. melongena
Ogan Komering 
Ulu 
South Sumatra 
104. 282 S. melongena Lahat South Sumatra 
105. 284 S. melongena Lahat South Sumatra 
106. 285b S. melongena Lahat South Sumatra 
107. 286 S. melongena Lahat South Sumatra 
108. 289 S. melongena Muaraenim South Sumatra 
109. 400 S. melongena Kepahiang Bengkulu 
110. 401 S. melongena Kepahiang Bengkulu 
111. 402 S. melongena Kepahiang Bengkulu 
112. 403 S. melongena Kepahiang Bengkulu 
113. 405 S. melongena Kepahiang Bengkulu 
114. 406 S. melongena Kepahiang Bengkulu 
115. 407 S. melongena Kepahiang Bengkulu 
116. 408 S. melongena Kepahiang Bengkulu 
117. 408b S. melongena Rejang Lebong Bengkulu 
118. 411 S. melongena Rejang Lebong Bengkulu 
119. 414 S. melongena Rejang Lebong Bengkulu 
120. 416 S. melongena Rejang Lebong Bengkulu 
121. 416b S. melongena Rejang Lebong Bengkulu 
122. 417 S. melongena Rejang Lebong Bengkulu 
123. 418 S. melongena Lebong Bengkulu 
124. 421 S. melongena Bengkulu Utara Bengkulu 
125. 422 S. melongena Bengkulu Utara Bengkulu 
126. 605 S. melongena Kubu Raya West Kalimantan 
127. 606 S. melongena Kubu Raya West Kalimantan 
128. 609 S. melongena Pontianak West Kalimantan 
129. 615 S. melongena Kota Singkawang West Kalimantan 
130. 618 S. melongena Kota Singkawang West Kalimantan 
131. 619 S. melongena Kota Singkawang West Kalimantan 
132. 620 S. melongena Kota Singkawang West Kalimantan 
133. 637 S. melongena Bengkayang West Kalimantan 
134. 642 S. melongena Bengkayang West Kalimantan 
135. 643 S. melongena Bengkayang West Kalimantan 
136. 644 S. melongena Bengkayang West Kalimantan 
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137. 645 S. melongena Bengkayang West Kalimantan 
138. 660 S. melongena Landak West Kalimantan 
139. 702 S. melongena Lombok Tengah West Nusa Tenggara
140. 703 S. melongena Lombok Tengah West Nusa Tenggara
141. 704 S. melongena Lombok Tengah West Nusa Tenggara
142. 707 S. melongena Lombok Timur West Nusa Tenggara
143. 708 S. melongena Lombok Timur West Nusa Tenggara
144. 709 S. melongena Lombok Barat West Nusa Tenggara
145. 710 S. melongena Lombok Barat West Nusa Tenggara
146. 711 S. melongena Lombok Barat West Nusa Tenggara
147. 712 S. melongena Lombok Barat West Nusa Tenggara
148. 713 S. melongena Lombok Barat West Nusa Tenggara
149. 714 S. melongena Lombok Barat West Nusa Tenggara
150. 717 S. melongena - West Nusa Tenggara
151. 720 S. melongena Sumbawa Barat West Nusa Tenggara
152. 721 S. incanum/insanum Sumbawa Barat West Nusa Tenggara
153. 722 S. incanum/insanum Sumbawa Barat West Nusa Tenggara
154. 723 S. melongena Sumbawa Barat West Nusa Tenggara
155. 724 S. melongena Sumbawa Barat West Nusa Tenggara
156. 725 S. melongena Sumbawa Barat West Nusa Tenggara
157. 727 S. melongena Sumbawa Barat West Nusa Tenggara
158. 729 S. melongena Sumbawa Barat West Nusa Tenggara
159. 730 S. incanum/insanum Sumbawa Barat West Nusa Tenggara
160. 731 S. melongena Sumbawa Barat West Nusa Tenggara
161. 731a S. melongena Sumbawa Barat West Nusa Tenggara
162. 750 S. incanum/insanum
Timor Tengah 
Selatan 
East Nusa Tenggara 
163. 753 S. melongena
Timor Tengah 
Selatan 
East Nusa Tenggara 
164. 754 S. melongena Belu East Nusa Tenggara 
165. 755 S. incanum/insanum Belu East Nusa Tenggara 
166. 756 S. incanum/insanum Belu East Nusa Tenggara 
167. 757 S. incanum/insanum Belu East Nusa Tenggara 
168. 759 S. melongena Belu East Nusa Tenggara 
169. 760 S. melongena Belu East Nusa Tenggara 
170. 761 S. melongena Belu East Nusa Tenggara 
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171. 762 S. melongena Belu East Nusa Tenggara 
172. 763 S. incanum/insanum Belu East Nusa Tenggara 
173. 764 S. melongena Belu East Nusa Tenggara 
174. 765 S. melongena Belu East Nusa Tenggara 
175. 766 S. melongena Belu East Nusa Tenggara 
176. 767 S. melongena Belu East Nusa Tenggara 
177. 769 S. incanum/insanum Belu East Nusa Tenggara 
178. 771 S. melongena Belu East Nusa Tenggara 
179. 772 S. melongena Belu East Nusa Tenggara 
180. 774 S. incanum/insanum Belu East Nusa Tenggara 
181. 776 S. melongena
Timor Tengah 
Utara 
East Nusa Tenggara 
182. 777 S. melongena
Timor Tengah 
Utara 
East Nusa Tenggara 
183. 780 S. melongena
Timor Tengah 
Selatan 
East Nusa Tenggara 
184. 790 S. melongena
Timor Tengah 
Selatan 
East Nusa Tenggara 
185. 792 S. incanum/insanum Kupang East Nusa Tenggara 
186. 794 S. incanum/insanum Kupang East Nusa Tenggara 
187. 795 S. melongena Kodya Kupang East Nusa Tenggara 
188. 800 S. melongena Minahasa North Sulawesi 
189. 801 S. melongena Minahasa North Sulawesi 
190. 806 S. melongena Minahasa North Sulawesi 
191. 807 S. melongena Ogan Ilir North Sulawesi 
192. 810 S. melongena
Bolaang 
Mongondow 
North Sulawesi 
193. 811 S. melongena
Bolaang 
Mongondow 
North Sulawesi 
194. 812 S. melongena Kotamobagu North Sulawesi 
195. 813 S. melongena Kotamobagu North Sulawesi 
196. 816 S. melongena
Bolaang 
Mongondow 
North Sulawesi 
197. 817 S. melongena Kodya Manado North Sulawesi 
198. 818 S. melongena Koday Manado North Sulawesi 
199. 821 S. melongena Minahasa Utara North Sulawesi 
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200. 822 S. melongena Minahasa Utara North Sulawesi 
201. 824 S. melongena Minahasa North Sulawesi 
202. 825 S. melongena Minahasa North Sulawesi 
203. 826 S. melongena Minahasa North Sulawesi 
204. 830 S. melongena Minahasa North Sulawesi 
205. 831 S. melongena Minahasa North Sulawesi 
206. 833 S. melongena Minahasa North Sulawesi 
207. 835 S. melongena Minahasa Selatan North Sulawesi 
208. 841 S. melongena Minahasa Selatan North Sulawesi 
209. 846 S. melongena Minahasa Selatan North Sulawesi 
210. 847 S. melongena Minahasa Selatan North Sulawesi 
211. 848 S. melongena Minahasa Selatan North Sulawesi 
212. 849 S. melongena Minahasa Selatan North Sulawesi 
213. ‘Gelatik’ S. melongena Elite cultivar of East-West Seed, Indonesia 
214. ‘Mustang’ S. melongena Elite cultivar of East-West Seed, Indonesia 
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Abstract 
To evaluate the relationships among the species related to S. melongena collected in 
Indonesia, we produced AFLP data of 93 accessions representing 9 species. The resulting 
dendrogram showed species specific clusters for all the collected species except S. 
incanum/insanum and S. melongena, which were intermixed. The species did not cluster 
according to the sections to which they are presently assigned. The amount of genetic 
variation detected by AFLPs differed among the species. These differences may be related 
to the different intensity with which these species are utilized. 
Introduction 
Eggplant, brinjal or aubergine (Solanum melongena L.) is an important commodity 
and widely cultivated vegetable in temperate and tropical areas, particularly in Asia. In 
India, it is also used for the treatment of diabetes, bronchitis, asthma, dysuria, dysentery, 
etc. (Daunay et al., 2000). The name eggplant also includes other cultivated species related 
to S. melongena, such as the scarlet eggplant (S. aethiopicum L.) and the gboma eggplant 
(S. macrocarpon L.), which are cultivated mainly in Africa (Daunay et al., 2001a).  
The affinities between S. melongena and other species of the subgenus, however, 
remain uncertain. Taxa that are morphologically similar to eggplant are difficult to classify 
(Karihaloo and Gottlieb, 1995), and the relationships between S. melongena and its wild 
and weedy forms S. incanum/insanum is even less clear. For example, Lester and Hasan 
(1991) lumped together some eggplant related species that Bitter (1923) had described 
before, but Knapp et al. (2013) revised them again, resurrecting a number of the species 
described earlier by Bitter, Dunal and others. In spite of these uncertainties, the term 
“eggplant complex” defined by Pearce and Lester (1979), is still widely referred to today 
(Samuels, 2015, 2016). 
Several authors have investigated by several means the relation between S. 
melongena and other species of the subgenus Leptostemonum. For example, Lester and 
Hasan (1991) noted that S. melongena is frequently confused with S. aethiopicum, S. 
macrocarpon, and with other wild species. RFLP analysis of chloroplast DNA by Sakata 
and Lester (1997) showed that S. macrocarpon was slightly closer to S. melongena and S. 
incanum than S. aethiopicum and S. anguivi, whereas a previous study showed that S. 
macrocarpon was distinct from the other species (Sakata et al., 1991).  
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However, a later AFLP study suggested the separation of S. macrocarpon from the 
section Melongena since it was placed closer to S. aethiopicum than to S. melongena
(Furini and Wunder, 2004). The study on genetic diversity and relationships between S. 
melongena and its related species have been carried out using different methods such as 
hybridization (Daunay et al., 1991; 1998), Polyacrylamide Gel Electrophoresis (PAGE) of 
seed proteins (Hasan and Isa, 1998), and isozymes variation (Isshiki et al., 1994; Karihaloo 
and Gottlieb, 1995).  
More recent complementary approaches to assess genetic relationships were 
developed by using molecular tools such as chloroplast DNA (Sakata et al., 1991; Sakata 
and Lester, 1994; 1997), RAPD (Karihaloo et al., 1995), RFLP (Isshiki et al., 2003), AFLP 
analysis (Mace et al., 1999; Furini and Wunder, 2004), SSR (Isshiki et al., 2008; Tümbilen 
et al., 2011), and genes/whole genome sequences (Parker et al., 2017), which in addition 
allow also the comparison of DNA from herbaria material. Moreover, the most recent 
“BAR-coding” technique makes possible to identify species and individual within species, 
even directly in the field (Parker et al., 2017; Aubriot et. al., 2018). 
The present study was conducted to investigate the AFLP variation between 
eggplant (S. melongena) and related species collected from Indonesia, to evaluate the 
relationships among these species, and also to identify at molecular level the accessions we 
collected. 
Materials and Methods 
Plant materials 
In this study, we used seeds of 93 accessions consisting of 82 accessions of 
eggplant (S. melongena) and related species collected from various regions in Indonesia, 
and 11 standard accessions from the Experimental Garden and Genebank - Radboud 
University Nijmegen, the Netherlands, of the species S. incanum, S. melongena, S. 
lasiocarpum, S. violaceum and S. quitoense. A completed list of accessions used in the 
study is presented in Tables 5.1 and 5.2.  
Seeds were germinated and plants were raised in pots with a standard soil mixture 
(Lentse Potgrond no.4), and grown under controlled greenhouse conditions in Nijmegen, 
the Netherlands. Samples were taken from young and actively growing leaves for DNA 
extraction.
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DNA extraction 
Preparation of DNA samples was done as described previously in chapter 4. The 
samples were frozen in liquid nitrogen before they were ground with Retsch-Westburg 
Mixer Mill (MM300) to a fine powder. Total plant genomic DNA was isolated from 40 mg 
of ground samples using Wizard® Genomic DNA Purification Kit (Promega). DNA 
isolation was done following a procedure for plant DNA extraction and isolation supplied 
by Promega manufacturer, with some minor modifications. DNA concentration was 
estimated and standardized against known concentrations of λDNA (λDNA/PstI Marker, 
24) on 1% agarose (Roche) gel stained with Ethidium bromide (Eurogentec, Belgium). 
Aliquots from the DNA preparations were used for AFLP analysis. 
AFLP analysis 
AFLP analysis was carried out essentially as described by Vos et al. (1995), with 
some modifications. 5 µl DNA sample, containing 200-500 ng DNA/10 µl, was double 
digested with two restriction endonucleases, EcoRI and MseI (Fermentas, Germany) in 40 
µl reaction volume containing 4 µl of 10xRL buffer, 0.2 µl of BSA 10 mg/ml, 0.5 µl of 
EcoRI 10 U/µl, 0.5 µl of MseI 10 U/µl, and volume made up with sterile distilled water. 
The digestion mix was incubated at 37 oC for 1 hour. The restriction products (40 µl) were 
mixed with 10 µl of ligation mix containing 0.2 µl of EcoRI adapter (5’CTC GTA GAC 
TGC GTA CC3’ and 5’AAT TGG TAC GCA GTC TAC3’) 5 pmol/µl, 2 µl of MseI 
adapter (5’GAC GAT GAG TCC TGA G3’ and 5’TAC TCA GGA CTC AT3’) 50 
pmol/µl, 1 µl of ATP 10 mM, 1 µl of 10xRL buffer, 0.05 µl of BSA 10 mg/ml, 0.2 µl of 
T4 DNA ligase 5 U/µl (Fermentas, Germany), and the volume made up with sterile 
distilled water. Ligation was carried out at 37 oC for 3 hours. The ligation product was 
diluted by 1:4 with TE buffer (10 mM Tris-HCl, pH 8.0, 0.1 mM EDTA). 
Pre-amplification was performed in a Perkin-Elmer GeneAmp 9600 Thermal 
Cycler. by preparing a master mix which was distributed in a 96-well PCR plate, each 
sample finally containing 5 µl of diluted template DNA, 1.06 µl of pre-amplification 
primers mix (Eco-A preamp and Mse-C preamp 10 ng/µl), 0.4 µl dNTP 10 mM, 2 µl 
100xTaq buffer with (NH4)2SO4-MgCl2 (Fermentas, Germany), 0.08 µl of DreamTaq 
DNA polymerase 5 U/µl (Fermentas, Germany), and the volume made up with sterile 
distilled water.  
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The PCR reaction was programmed as follow: denaturation (94 oC for 30 sec.), 
annealing (56 oC for 60 sec.), and elongation (72 oC for 60 sec. + 1 sec. per cycle) were 
done at 28 cycles; final extension (72 oC for 120 sec).  
The pre-amplification product was checked on 1.5% agarose (Roche) gel stained 
with Ethidium bromide (Eurogentec, Belgium). EcoRI primers were radio-labeled by 
phosphorylating the 5’ end of the primers with [γ-33P]ATP (Biomedicals, USA) and T4 
Polynucleotide Kinase (Eurogentec, Belgium). Selective amplification was carried out in a 
20 µl reaction volume which contained 5 µl of diluted (1:50) pre-amplified DNA, 2 µl of 
PCR buffer with MgCl2, 1 µl of labeled EcoRI primer 10 ng/µl, 0.6 µl of MseI primer 10 
pmol/µl, 0.4 µl of dNTP 10 mM, 0.08 µl of DreamTaq DNA polymerase 5 U/µl 
(Fermentas, Germany) and 10.92 µl of sterile water. 
The PCR conditions were: denaturation (94 oC for 30 sec.), annealing (65 oC for 60 
sec.), and elongation (72 oC for 60 sec.) at 13 cycles; followed by the second denaturation 
(94 oC for 30 sec.), annealing (56 oC for 60 sec.), elongation (72 oC for 60 sec.; + 1 sec. per 
cycle) at 25 cycles, and final extension (72 oC for 2 min.). The amplification products were 
separated on 4.5% polyacrylamide gel (Duchefa, The Netherlands), dried on paper and 
visualized by exposure to X-ray film (Kodak BioMax© MR) for 2-4 days depending on the 
intensity of the signal. A total of 12 primer combinations with three selective nucleotides 
were surveyed. Of those, only 4 primers were found suitable (Table 5.3) and used to 
analyze all accessions. These selected primers showed polymorphic pattern among the 
samples tested. 
Table 5.3. Selected primer combinations applied to the 93 accessions of S. melongena and related 
species, and their amplification products. 
Primer combinations 
Total number of 
amplification 
fragments 
Number of 
polymorphic 
fragments 
Percent 
polymorphism 
EcoRI-ACA/MseI-CAG 282 260 92.19% 
EcoRI-ACC/MseI-CAA 303 296 97.69% 
EcoRI-ACG/MseI-CAA 318 284 89.31% 
EcoRI-ACT/MseI-CAG 304 279 91.78% 
Total 1,207 1,119 
Range 282-318 260-296 
Average 301.75 279.75 92.71% 
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Data scoring and analysis 
The generated radiograms were scored manually for the presence (1) and absence 
(0) of fragments. Only distinct and well-resolved fragments were scored. The genetic 
similarity between the different accessions was calculated by Jaccard coefficient (Jaccard, 
1908). Jaccard coefficient is preferable to analyze the variability of eggplant and its related 
species since this distance coefficient is more suitable than SM to compare groups of 
distantly related taxa, as suggested by Landry and Lapointe (1996). A similarity matrix 
was generated by using the SIMQUAL module for qualitative data. The matrix of 
similarity was then used in the SAHN option and Unweighted Pair Group Method with 
Arithmetic Mean (UPGMA) to construct the dendrogram. The analysis was performed by 
using NTSYSpc 2.11x, (Rohlf, 2000), by Exeter Software, New York, USA. 
Results 
The four primer combinations (EcoRI-ACA/MseI-CAG, EcoRI-ACC/MseI-CAA, 
EcoRI-ACG/MseI-CAA, EcoRI-ACT/MseI-CAG), were selected out of the twelve primer 
combinations surveyed (see Chapter 4), based on their high number of polymorphic 
markers. A total of 1,207 fragments were produced, with a range of fragments produced 
per primer combination of 282-318. Out of these 1,207 fragments 1,119 were polymorphic 
(92.71%), with a range of 260-296 polymorphic fragments per primer combination. Primer 
combination EcoRI-ACC/MseI-CAA showed the highest number of polymorphic 
fragments).  
Figure 5.1 shows the dendrogram constructed by using Jaccard’s coefficient and the 
UPGMA clustering method. The tree shows species specific clusters for all of the studied 
species, except for the S. incanum/insanum and S. melongena accessions that are 
intermixed, and for S. capsicoides that forms two separate clusters of two accessions each. 
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Figure 5.1. UPGMA dendrogram of 93 accessions constructed from the AFLP data using Jaccard 
similarity coefficient.
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The dendrogram showed three main clusters. The first cluster (A) is divided in two 
subclusters, one containing the accessions of S. aethiopicum (section Oliganthes) and S. 
capsicoides (section Acanthophora), and a second containing the accessions of S. violaceum
(section Oliganthes), S. macrocarpon (section Melongena), and S. mammosum (section 
Acanthophora). In the cluster of S. aethiopicum, the cultivargroups Gilo and Aculeatum are 
not strictly separated with two Aculeatum accessions (783 and 784) closer to the Gilo Group 
than to the remaining Aculeatum accession (785). Solanum aethiopicum, S. capsicoides, and 
S. mammosum showed higher variation among their accessions than S. violaceum and S. 
macrocarpon. The two members of section Acanthophora, S. capsicoides and S. 
mammosum, were separated from each other, as were the two members of section 
Oliganthes, S. aethiopicum and S. violaceum. Also S. macrocarpon, a member of section 
Melongena is not close to the other members of this section (S. melongena and S. 
incanum/insanum). 
The second cluster (B) contains the other accessions belonging to section Melongena. 
The standard accessions of the A, C, D, E, and F groups of the eggplant complex cluster at 
the base of cluster B, basal to a cluster with the accessions identified as S. melongena and as 
S. incanum/insanum, which are not clearly separated from each other.  
The third cluster (C) is composed of S. lasiocarpum, (section Lasiocarpa). Within 
this cluster there are two clear subgroups that show relatively low genetic variation, 
comparable to that of the clusters of S. violaceum and S. macrocarpon. The standard 
accessions 914750043 which was received as S. quitoense Lam., was placed near this S. 
lasiocarpum cluster. 
Discussion 
In the dendrogram based on AFLP data (Fig. 5.1) most of the accessions clustered in 
species specific clusters, with the notable exception of the species S. melongena and S. 
incanum/insanum. AFLP data apparently can consistently distinguish species but fail to 
separate the members of the ‘eggplant complex’. The species, however, do not cluster 
according to the sections to which they belong: the members of section Oliganthes and 
Acanthophora are separated from each other, and S. macrocarpon (section Melongena) is 
not included in the cluster of the other members of that section, S. incanum, S. insanum and 
S. melongena. This may point to a problematic taxonomy at the section level.  
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A recent AFLP study (Furini and Wunder, 2004), in combination with 
morphological data, showed that S. macrocarpon was closely related to S. aethiopicum. It 
concluded that S. macrocarpon should be excluded from section Melongena. Chloroplast 
DNA analysis (Sakata et al., 1991) and a seed protein study (Karihaloo et al., 2002) 
showed similar results.  
Our study showed that S. macrocarpon was placed closest to S. violaceum, and 
within a group of S. aethiopicum, S. capsicoides, S. violaceum and S. mammosum, away 
from the S. melongena and S. incanum/insanum cluster. 
The amount of genetic variation differs among the included species. It is relatively 
high in S. capsicoides and S. mammosum, and relatively low in S. violaceum, S. 
macrocarpon, S. lasiocarpum and the incanum/insanum/melongena group. This may be 
related to differences in the intensity of utilization of the different species. During our 
collection trip we observed that S. capsicoides and S. mammosum were less used and 
mostly ignored by people (see the ethnobotanic study in Chapter 2). Therefore, these were 
not subjected to selection of domestication and breeding since their arrival in Indonesia, 
and apparently have maintained more genetic diversity than the intensively cultivated ones 
like S. melongena and S. lasiocarpum. The relatively low variation of some of the other 
species could be due to the limited number of accessions that were collected and/or 
analyzed in this study. 
Our AFLP data on S. aethiopicum join most of the representatives of the Gilo 
Group together, but the representatives of the Aculeatum Group do not form a separate 
cluster. It is unclear what caused this pattern.  
The S. incanum/insanum/melongena group in cluster B shows the high genetic 
similarity of the material of these species, which apparently cannot be consistently 
distinguished from each other with AFLP data. In contrast, the AFLP study by Mace et al. 
(1999) on the genetic relationships among the cultivated eggplant and related species 
produced a dendrogram that clearly distinguished the cultivated eggplants assigned to the 
groups F, G, and H from S. incanum (groups A, B, C and D). Within the S. incanum, 
groups A and B were clearly distinct from groups C and D.  
The standards of the proposed groups within this eggplant complex do not show a 
clustering pattern that allows us to assign our collected material to those groups, even 
though the study of Mace et al. (1999) was carried out using the same standard accessions 
(those used by Lester and Hasan (1991)). 
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The S. lasiocarpum accessions in cluster C show two clear subclusters. Hasan and 
Jansen (1993) mention the occurrence in Indonesia of two of the four cultivargroups 
distinguished within S. lasiocarpum (the Cung Bulu Group and the Involucratum Group) 
and the subclusters in cluster C might indicate that our material belongs to two different 
cultivar groups. Unfortunately, we have no evidence that this is actually the case. The S. 
lasiocarpum standard accession (A04750020) clustered in one of the subclusters but 
relatively distant from our collected material. The standard accession of S. quitoense
(914750043) was placed adjacent to the cluster of S. lasiocarpum, confirming that these 
are related species, both belonging to section Lasiocarpa.
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Table 5.1. List of the accessions used in the study. 
No. Coll. No.  Identified as District Province 
1. 145 S. aethiopicum Gilo Group Cilacap Central Java 
2. 089 S. aethiopicum Gilo Group Gunungkidul Yogyakarta 
3. 051 S. aethiopicum Gilo Group Bogor West Java 
4. 225 S. aethiopicum Gilo Group Solok West Sumatra 
5. 828 S. aethiopicum Gilo Group Minahasa North Sulawesi 
6. 180 S. aethiopicum Gilo Group Bogor West Java 
7. 013 S. aethiopicum Gilo Group Pandeglang Banten 
8. 126 S. aethiopicum Gilo Group Magelang Central Java 
9. 791 S. aethiopicum Gilo Group Timor Tengah 
Selatan 
East Nusa Tenggara 
10. 783 S. aethiopicum Aculeatum 
Group
Timor Tengah 
Selatan 
East Nusa Tenggara 
11. 784 S. aethiopicum Aculeatum 
Group
Timor Tengah 
Selatan 
East Nusa Tenggara 
12. 785 S. aethiopicum Aculeatum 
Group
Timor Tengah 
Selatan 
East Nusa Tenggara 
13. 077 S. capsicoides Ciamis West Java 
14. 003 S. capsicoides Pandeglang Banten 
15. 071 S. capsicoides Ciamis West Java 
16. 827 S. capsicoides Minahasa North Sulawesi 
17. 623 S. lasiocarpum Sambas West Kalimantan 
18. 656 S. lasiocarpum Bengkayang West Kalimantan 
19. 622 S. lasiocarpum Sambas West Kalimantan 
20. 626 S. lasiocarpum Sambas West Kalimantan 
21. 633 S. lasiocarpum Sambas West Kalimantan 
22. 628 S. lasiocarpum Kota Singkawang West Kalimantan 
23. 424 S. lasiocarpum Seluma Bengkulu 
24. 259 S. lasiocarpum Ogan Ilir South Sumatra 
25. 650 S. lasiocarpum Bengkayang West Kalimantan 
26. 614 S. lasiocarpum Kota Singkawang West Kalimantan 
27. 649 S. lasiocarpum Bengkayang West Kalimantan 
28. 629 S. lasiocarpum Kota Singkawang West Kalimantan 
29. 636 S. lasiocarpum Bengkayang West Kalimantan 
30. 616 S. lasiocarpum Kota Singkawang West Kalimantan 
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31. 631 S. lasiocarpum Sambas West Kalimantan 
32. 632 S. lasiocarpum Sambas West Kalimantan 
33. 658 S. lasiocarpum Bengkayang West Kalimantan 
34. 617 S. lasiocarpum Kota Singkawang West Kalimantan 
35. 611 S. violaceum Pontianak West Kalimantan 
36. 214 S. violaceum Deli Serdang North Sumatra 
37. 252 S. violaceum Tanah Datar West Sumatra 
38. 607 S. macrocarpon Kubu Raya West Kalimantan 
39. 001 S. macrocarpon Pandeglang Banten 
40. 231 S. macrocarpon Solok West Sumatra 
41. 017 S. macrocarpon Pandeglang Banten 
42. 635 S. macrocarpon Bengkayang West Kalimantan 
43. 222 S. macrocarpon Kodya Padang West Sumatra 
44. 419 S. macrocarpon Lebong Bengkulu 
45. 659 S. macrocarpon Bengkayang West Kalimantan 
46. 078 S. mammosum Ciamis West Java 
47. 814 S. mammosum Bolaang 
Mongondow 
North Sulawesi 
48. 423 S. mammosum Seluma Bengkulu 
49. 281 S. mammosum Muaraenim South Sumatra 
50. 757 S. incanum/insanum Belu East Nusa Tenggara 
51. 756 S. incanum/insanum Belu East Nusa Tenggara 
52. 755 S. incanum/insanum Belu East Nusa Tenggara 
53. 792 S. incanum/insanum Kupang East Nusa Tenggara 
54. 774 S. incanum/insanum Belu East Nusa Tenggara 
55. 794 S. incanum/insanum Kupang East Nusa Tenggara 
56. 782 S. incanum/insanum Timor Tengah 
Selatan 
East Nusa Tenggara 
57. 750 S. incanum/insanum Timor Tengah 
Selatan 
East Nusa Tenggara 
58. 730 S. incanum/insanum Sumbawa Barat West Nusa Tenggara 
59. 241 S. incanum/insanum Agam West Sumatra 
60. 760 S. melongena Belu East Nusa Tenggara 
61. 762 S. melongena Belu East Nusa Tenggara 
62. 763 S. incanum/insanum Belu East Nusa Tenggara 
63. 720 S. melongena Sumbawa Barat West Nusa Tenggara 
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64. 721 S. incanum/insanum Sumbawa Barat West Nusa Tenggara 
65. 722 S. incanum/insanum Sumbawa Barat West Nusa Tenggara 
66. 769 S. incanum/insanum Belu East Nusa Tenggara 
67. 771 S. melongena Belu East Nusa Tenggara 
68. 772 S. melongena Belu East Nusa Tenggara 
69. 776 S. melongena Timor Tengah Utara East Nusa Tenggara 
70. 754 S. melongena Belu East Nusa Tenggara 
71. 806 S. melongena Minahasa North Sulawesi 
72. 846 S. melongena Minahasa Selatan North Sulawesi 
73. 406 S. melongena Kepahiang Bengkulu 
74. 020 S. melongena Pandeglang Banten 
75. 660 S. melongena Landak West Kalimantan 
76. 267 S. melongena Muaraenim South Sumatra 
77. 403 S. melongena Kepahiang Bengkulu 
78. 069 S. melongena Ciamis West Java 
79. 242 S. melongena Agam West Sumatra 
80. 418 S. melongena Lebong Bengkulu 
81. ‘Mustang’ S. melongena Elite cultivar of East-West Seed, Indonesia 
82. ‘Gelatik’ S. melongena Elite cultivar of East-West Seed, Indonesia 
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The work presented in this thesis was carried out under the auspices of The Royal 
Netherlands Academy of Arts and Sciences (KNAW) as part of the programme INDOSOL 
to investigate diversity and utilization of Indonesian Solanaceae vegetable crops, such as 
eggplant (S. melongena), an important vegetable in Indonesian markets and cuisine. 
In 2008, at the time of collection, little was known about the diversity and 
distribution of Solanum species of the subgenus Leptostemonum, to which eggplant 
belongs, in Indonesia. Only few annotations were available in various Flora of the Dutch 
Indies published between the end of 19th century - mid of 20th century (Chapter 1), one 
eggplant collection carried out in recent years by the Indonesian Vegetable Research 
Institute (IVEGRI), and one report on “Plant resources in South East Asia” of 1993 (Hasan 
and Jansen). However, it is possible that other parties (such as seed companies) performed 
germplasm collections of eggplant (and related species) in Indonesia, but these were not 
published at that time.  
Germplasm collections are of utmost importance, as the diversity in crop wild 
relatives collected and maintained can offer new sources for resistance against biotic and a-
biotic stresses, and can be used for the improvement of the crop plants (Zedan, 1995). 
Moreover, at present times, when the threats of fast changing climate are endangering 
living organisms (Thuiller et al., 2005), ex situ collections of plant species are essential for 
the conservation of genetic diversity (Dempewolf et al., 2014, Syfert et al., 2016). In spite 
of this, only 5% of the total accessions stored in genebanks worldwide represent wild 
relative species of vegetable crops (FAO, 2010). 
Therefore in 2008 we carried out field work to collect species of the subgenus 
Leptostemonum on 12 locations, on the major islands of Indonesia. We prepared the trip 
partly at the University of Nijmegen, partly in Indonesia. In Nijmegen we prepared the 
material for the identification of Solanum subgenus Leptostemonum species (a descriptor 
list, pictures of the species, forms for passport data etc.), mostly based on literature 
information (Chapter 2). In Indonesia we consulted the IVEGRI and local agricultural 
research stations in order to have information about places where we could have a high 
chance to find Solanum plants. We chose a period between June and January because then 
weather conditions were more suitable for travelling. 
Altogether we collected 372 accessions representing 12 species, and 240 out of the 
total were accessions of cultivated eggplants. The 12 species correspond to approximately 
30% of species of this subgenus ever recorded in Indonesia (Chapter 1). Meyer et al. 
(2012) performed a study on the phylogeographic relationship among Asian eggplants. 
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In this work they used 185 accessions of the subgenus Leptostemonum obtained 
from various sources, but only four originated from Indonesia; four S. melongena, one of 
which was renamed S. undatum. This low number confirms that few specimens from 
Indonesia have been collected and/or characterised. We may have missed some species 
that did not grow in the season we performed the collection, or were not recognized as 
species of the subgenus Leptostemonum, particularly if at the time of collection these 
plants had no flowers and fruits, which were the first noticeable characters on the plants in 
the field. A revision of the subgenus Leptostemonum from Africa and Madagascar 
(Vorontsova and Knapp, 2016) described 76 endemic and 10 introduced species, many 
more than what we found in Indonesia. Africa is the centre of diversity of the Old World 
Leptostemonum species, which explains why so many different species occur. Moreover, 
our present study was not intended as a taxonomic study, but was rather focused on species 
of agronomic and/or ethnobotanical relevance. Altogether, our collection is a considerable 
large set of specimens of the Solanum subgenus Leptostemonum found in Indonesia, to 
date. 
It is not surprising that the majority of the accessions we found were cultivated 
eggplants, as it is the most used species of the Leptostemonum in Asia; we found them 
growing in farmer’s production fields, but also in home gardens as single or mixed 
cultivars. In some cases, they could be escapes from larger production fields that became 
neglected and began to behave as wild populations, or could be traditional varieties 
maintained locally only for domestic use. By contrast, some species that are extensively 
cultivated crop species elsewhere, such as S. aethiopicum Gilo Group, very widely used in 
Africa, were represented in our collection by relatively few accessions and were used as 
food only in some provinces. The use of the accessions that were not S. melongena differed 
very much between different parts of the country, from food, eaten raw or cooked, to 
ornamental, to medicine etc., and their local names gave no indication to which species 
they belonged. In Indonesia the name terong is used for many eggplants-like plants, 
including S. capsicoides, S. mammosum, S. lasiocarpum, which are not even in the section 
Melongena. 
Most collected species could be identified in the field on the basis of characteristics 
from our descriptor list, such as leaves, prickles, flowers and fruit, and furthermore we 
compared the plants with scientific illustrations and photographs from the Multilingual 
Multiscript Plant Names Database (Chapter 2). 
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However, in the field we encountered some difficulties in the identification of, and 
distinction between wild eggplants (that we designate as S. incanum/insanum) and the 
cultivated eggplant (S. melongena), and between S. lasiocarpum and S. quitoense (Chapter 
2). 
In Chapter 3 we describe a further, more in depth characterization using 56 
morphological characters, which we carried out in a field of an agricultural station in 
Lembang (Indonesia). Here all the seeds that we were able to recover from the field 
collection were sown to let plants grow under a uniform environment. Unfortunately, not 
all seeds of all accessions and of all species germinated in Lembang. Only plants of 171 
accessions representing 9 species reached adult plant stage and produced phenotypic data 
by morphological characterization. Seeds that did not germinate and seeds collected from 
plants grown in Lembang were transported later to Nijmegen to grow plants for a 
molecular characterization by AFLP. Here again, not all seeds germinated, but 122 
accessions that had not germinated earlier in Lembang, finally did so in Nijmegen and 
were used for molecular characterization. Table 6.1 shows which accession was 
characterized for which characters (morphological and/or molecular). 21 accessions of S. 
melongena and S. incanum/insanum were included in both the morphological 
characterization (Chapter 3) and a molecular characterization by AFLP (Chapter 4 and 
Chapter 5). For Chapter 5 we also included 13 standard accessions. Eleven standards were 
from the Nijmegen Solanaceae collection; one for S. violaceum, two for S. lasiocarpum, 
one S. quitoense, and seven were accessions of “the eggplant” groups (A, C, D, E, F), the 
same accessions that were used by Mace et al. (1999) in a molecular study by AFLP. The 
remaining two standards were commercial eggplant cultivars (‘Mustang’ and ‘Gelatik’), 
very much in use on Indonesian markets. Unfortunately, the single accessions of S.
quitoense and S. viarum that were collected in West Sumatra did not grow in Lembang, 
and we could not take them further in our study. 
Overall, the preliminary identifications made during the collection trip proved to be 
correct for most accessions, as it became evident after the characterization carried out in 
Lembang. The accessions most difficult to distinguish were some accessions of eggplant 
(S. melongena) and the prickly eggplant (S. incanum/insanum). These species were treated 
by Lester and Hasan (1991), who reclassified the taxa earlier described in S. incanum s. l. 
from Africa in four groups (A, B, C, D) and the weedy and cultivated plants of S. 
melongena from Asia also in four groups (E, F, G, H). An AFLP study by Mace et al. 
(1999) on accessions of these groups confirmed the validity of this classification. 
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At the time we performed the study with our collection we endorsed the 
nomenclature as used in Mace et al. (1999), but Knapp et al. (2013), following a paper by 
Lester and Hasan (1990), assigned the groups E and F to the species S. insanum (see 
Chapter 1). 
We characterized accessions of eggplant and prickly eggplant in Chapter 3, 4 and 5, 
also using AFLP in the latter two. 
As explained before, we used different accessions for the different experiments, 
and this makes it difficult to draw strong conclusions on the genetic relations of our S. 
melongena and S. incanum/insanum material. In general, we found no clear correlation 
between AFLP results and morphological data, and this in part may be due to the fact that 
DNA mutates at a faster rate than morphological characters. 
In Chapter 3 the prickly eggplants are separated from the cultivated eggplants, 
probably on the basis of fruit size, shape and colour. However, there is a group of plants 
comprising S. incanum/insanum and S. melongena originating from Nusa Tenggara that 
always cluster together; in subcluster A-1.1 using morphological traits (Figure 3.2 in 
Chapter 3), in cluster B in the dendrogram generated by AFLP data (Figure 4.1c in Chapter 
4). and this grouping is maintained in the dendrogram in Chapter 5 (upper third of cluster 
B in Figure 5.1). Perhaps this clustering is shaped by the geographical provenance of these 
accessions. 
In the dendrogram in Chapter 5, we used standard accessions of S. incanum Group 
A, C and D and S. melongena Group E and F from the Solanaceae collection of Nijmegen. 
These were the same accessions used by Mace et al. (1999), with exception of S. incanum
Group D. In our dendrogram these standards form a group of branches basal to the 
incanum/insanum/melongena cluster, and do not enable us to assign our material to the 
groups recognized by Lester and Hasan (1991). Nevertheless, AFLP is a very suitable 
molecular technique to distinguish species and to detect genetic diversity. Apparently, the 
standard accessions, which have been maintained in collections already for a long time, 
differ extensively from the incanum/insanum/melongena material collected by us in 
Indonesia. 
In 1990 Lester and Hasan reported a distinction between S. incanum and S. 
insanum both presumed ancestors of eggplant in Asia. In 1991 the same authors proposed 
that the wild prickly plant with round yellow fruits S. incanum L. sens. str. Group C 
migrated to South and South East Asia (see Chapter 1). 
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Weese and Bohs (2010) investigated this “migration out of Africa” by sampling 2 
accessions of each group and investigating them by gene-sequence analyses. Their results 
confirmed Lester and Hasan’s hypothesis of the “S. incanum-S. melongena complex” with 
S. incanum Group C sister to the Asian eggplants, and S. melongena Group E, which 
clusters closely to Group G, a revertant from this group to a more wild form (see also 
Chapter 1). 
After we made our collection in 2008 and named our prickly eggplants as S. 
incanum, there have been discussions about the identity of Group E. Some authors disagree 
with the hypothesis of Lester and Hasan published in 1991 and recognize Group E and F as 
S. insanum and propose this species as the wild progenitor of the domesticated eggplant in 
South East Asia (Knapp et al. 2013, Ranil et al. 2017 and ref. therein). The questions arise 
whether there might be S. insanum among our material and how the species S. insanum
would be genetically related to the incanum/melongena group recognized in this thesis. As 
discussed in Chapter 1 we cannot answer these questions at this moment, and therefore we 
designate all our material of prickly eggplants as S. incanum/insanum. In a paper by Ranil 
et al. (2017) it seems that few herbarium specimens of S. insanum and nothing at all of S. 
incanum was found in Indonesia (Figure 3 in Ranil et al., 2017). However Winberg 1825 
and Juel 1918 noted the existence of S. incanum (S. sanctum), and a recent biodiversity 
database (SEADiv) lists S. incanum and S.insanum from Indonesia (Figure 6.1 and 6.2). 
Our material was collected exclusively in Indonesia and our analyses are based on 
material of living plants, whereas the comparison of S. insanum with S. incanum and S. 
melongena by Ranil et al. (2017) was performed using preserved material and living plants 
from Sri Lanka, and plants cultivated at the University of Valencia in Spain. A future 
experiment could be to use the material we collected and analyse it with the same 
morphological characters used by Ranil et al. (2017), and with molecular markers to 
distinguish S. melongena and its wild relatives, according to Aubriot et al. (2018). 
Another inconsistency of the results obtained by morphological characters and 
AFLP markers, is the position of S. aethiopicum Aculeatum Group accessions between S. 
melongena in the dendrogram of Chapter 3, which are placed in one cluster together with 
S. aethiopicum Gilo Group in the dendrogram of Chapter 5. One character that may have 
influenced the position among the eggplant in the dendrogram in Chapter 3 (Figure 3.2, 
subcluster A-1.2) is the abundance of prickles in the Aculeatum Group. 
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Prickles numbers, length and width were characters used by Ranil et. al. (2017) and 
by Knapp et al. (2013) to distinguish specimens of S. melongena, S. incanum and S. 
melongena Group E-F, which they recognized as the species Solanum insanum. In 
addition, the accessions of S. macrocarpon clustered with those of S. melongena in the 
dendrogram of Chapter 3. In this case probably fruit size, colour and shape were the 
characters to influence this position. In the dendrogram of Figure 5.1 based on AFLP data, 
instead, S. macrocarpon clusters away from S. melongena, near S. mammosum and S. 
capsicoides, which are not species of the section Melongena.  
Interestingly, the commercial standards of eggplant, ‘Mustang’ and ‘Gelatik’, 
cluster in the dendrogram in Figure 5.1 in subclusters containing both S. incanum/insanum 
and S melongena accessions. This is in accordance with the characteristics of these two 
cultivars: the former has long purple fruits, the latter has green small round fruits, more 
similar to those of S. incanum/insanum. The two cultivars ‘Mustang’ and ‘Gelatik’ have 
been on the market in Indonesia for a long time, and meanwhile newer (hybrid) cultivars 
have been developed and introduced (Chapter 1).  
Contrary to tomato and potato, there are no commercial cultivars of eggplant with 
introgressed traits from wild relatives. However, research on pre-breeding of eggplant has 
made good progress (reviewed by Rotino et al., 2014), and efforts have been made to 
transfer genes from the crop wild relatives into eggplant by sexual and somatic 
hybridizations, and also by genetic modifications. 
At this moment our collection of Leptostemonum plants is conserved at the 
Indonesian Centre for Agricultural Biotechnology & Genetic Resources Research and 
Development (ICABIOGRAD), of the Indonesian Agency for Agricultural Research & 
Development (IAARD), in Bogor. We believe that it may be used in the future for the 
identification of interesting traits nested in our accessions (e.g. metabolites used as 
medicinal, alternative bio-pesticides, adaptation to environment). If these accessions can be 
better studied and genetically characterised for traits interesting to breeders, they have the 
potential to be further included in pre-breeding programs of S. melongena in Indonesia. 
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Figure 6.1. S. incanum and S. insanum listed in SEADiv biodiversity database. 
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Figure 6.2. S. incanum. SEADiv biodiversity database, sheet MNHN-P-00578605.
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Table 6.1. Overview of accessions used in Chapter 3, 4 and 5. 
Acc. Used in Chapter  Acc. Used in Chapter  Acc. Used in Chapter 
No. 3 4 5  No. 3 4 5  No. 3 4 5 
1 108 211
2 110 212
3 116 213
9 120 214
10 123 215
11 126 216
13 127 217
17 134 220
18 143 221
20 145 222
23 147 223
32 149 225
37 150 226
42 151 228
49 152 229
51 153 231
57 154 235
59 155 236
64 156 238
68 180 240
69 181 241
71 182 242
72 183 243
73 184 244
74 185 246
77 187 248
78 189 249
79 190 251
83 191 252
84 193 253
88 194 256
89 195 258
92 196 259
94 197 260
95 198 265
98 199 267
99 200 268
100 201 269
101 202 270
102 203 271
103 204 275
105 205 278
106 207 280
107 208 281
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Table 6.1. Overview of accessions used in Chapter 3, 4 and 5 (continued). 
Acc. Used in Chapter  Acc. Used in Chapter  Acc. Used in Chapter 
No. 3 4 5  No. 3 4 5  No. 3 4 5 
282 632 753
284 633 754
286 635 755
289 636 756
400 637 757
401 639 759
402 642 760
403 643 761
405 644 762
406 645 763
407 647 764
408 649 765
411 650 766
414 651 767
416 655 769
417 656 771
418 658 772
419 659 774
421 660 776
422 700 777
423 702 779
424 703 780
601 704 782
605 707 783
606 708 784
607 709 785
608 710 790
609 711 791
611 712 792
614 713 794
615 714 795
616 715 800
617 717 801
618 720 806
619 721 807
620 722 810
622 723 811
623 724 812
624 725 813
625 727 814
626 729 816
628 730 817
629 731 818
631 750 821
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Table 6.1. Overview of accessions used in Chapter 3, 4 and 5 (continued). 
Acc. Used in Chapter Acc. Used in Chapter Acc. Used in Chapter 
No. 3 4 5 No. 3 4 5 No. 3 4 5 
822  833 069b  
824 835  104b 
825  840 208b  
826  841 211b 
827 845 285b  
828 846 408b 
830  847  416b 
831  848  731a 
832 849 823a 
823b 
Note added in proof. 
While the thesis was being printed, we performed the sequence analysis of plastid marker 
genes, to distinguish between S. incanum and S. insanum, as published by Aubriot et al.
(2018). 
DNA from herbarium material of accessions 241, 721, 730, 755, 756, 757, 763, 769, 774 
and 794 was extracted, and SNPs results indicate that they are S. insanum. (Poczai et al., 
2019, unpublished). 
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The work presented in this thesis was carried out between 2008-2012, under the auspices 
of The Royal Netherlands Academy of Arts and Sciences (KNAW), as part of the 
programme INDOSOL to investigate diversity and utilization of Indonesian Solanaceae 
vegetable crops, such as eggplant (Solanum melongena), an important vegetable in 
Indonesian markets and cuisine. 
Before we set up to collect plants of the subgenus Leptostemonum in various 
provinces in Indonesia, a literature study was performed at the Radboud University in 
Nijmegen to investigate which species of this subgenus were previously reported to be 
found in Indonesia, and when and how these plants were introduced in South East Asia 
from Africa and South America, their place of origin. At the time the work for this thesis 
started, inventories of Leptostemonum species were published by several botanists between 
1747 (Rumphius, who was the first to describe eggplant in Indonesia) and 1985 (Symon, 
1985). In these inventories often the same plant species were described by different authors 
and named differently, which led to the occurrence of many synonyms (Chapter 1, Table 
1.1). The first account about the “migration” and distribution of eggplant related species 
from Africa to Asia was by Lester and Hasan (1990, 1991) who hypothesised that the 
African species Solanum incanum comprised four groups (A-D), of which Group C may 
have migrated to Asia through Arabia and became ancestor of the primitive S. melongena
(Group E-F, Chapter 1 and Chapter 6). This hypothesis and the relation between S. 
incanum and S. melongena were confirmed later by Weese and Bohs (2010) using also 
molecular markers (Chapter 1 and Chapter 6). More recent literature, which was published 
after we had performed our research, suggested a different hypothesis, namely that the 
species Solanum insanum was progenitor to S. melongena in Asia (Knapp et al., 2013) 
The field work in Indonesia (Chapter 2) was prepared by making first a descriptor 
list, that is; a list of morphological characters that distinguish Solanum species, based 
particularly on flowers and fruits, but also prickles on leaves and stem, which are very 
common among the Leptostemonum. We also prepared a questionnaire to interview local 
people in villages or small markets about the ways these plants were used in a household. 
We visited 7 islands and 12 locations and collected a total of 372 accessions 
(fruit/seeds/stems of plants) which supposedly represented 12 different species. Later, in an 
agricultural research station in Lembang (Indonesia) we characterized these accessions in 
depth using several morphological characters and we assigned a definitive name to our 
plants (Chapter 3).  
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We were not able to distinguish without doubts the species S. incanum from S. 
insanum using morphological markers, in accordance with the fact that they are very 
closely related species. Therefore we named the plants that could have been either one S. 
incanum/insanum.  
The largest number of accessions we collected were S. melongena plants, followed 
by accessions of the hairy-fruited eggplant, S. lasiocarpum.  
A further characterization using Amplified Fragments Length Polymorphysm 
(AFLP, Chapter 4) showed that accessions of S. incanum/insanum intermingled with those 
of S. melongena, and there was not much association between clusters based on AFLP and 
morphological characters. Likewise, there was not much correlation between the 
location/island of provenance and clustering by AFLP. The intermingling of S. melongena 
and S. incanum/insanum was confirmed by an experiment in which we analysed by AFLP 
accessions of all the species we had collected (Chapter 5). In this case, most of the 
accessions clustered with a species-specific pattern, with exception indeed of the 
melongena/incanum/insanum accessions. However, this species-specific clustering pattern 
did not correspond completely to the structure of sections to which these species belong. 
The most notable results from this whole work are discussed in chapter 6. 
To date, our collection in Indonesia of Leptostemonum accessions, and in particular 
of eggplant, is the largest of its kind and provides very interesting new plant material, 
which could be tested for tolerance to biotic and abiotic environmental stresses, and could 
be introduced in breeding programs, for the production of improved new commercial lines 
of eggplant.  
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Het in dit proefschrift gepresenteerde onderzoek is uitgevoerd in de periode 2008 -
2012 onder de auspiciën van de Koninklijke Nederlandse Academie van Wetenschappen 
(KNAW) en was onderdeel van het INDOSOL programma. Binnen de kaders van dit 
programma hebben we onderzoek gedaan naar de diversiteit en het gebruik van de 
Indonesische, tot de Solanaceae (subgenus Leptostemonum) behorende, groentegewassen. 
Aubergine (Solanum melongena) is een belangrijke groente voor de Indonesische markt en 
wordt veelvuldig in allerlei gerechten gebruikt. Voordat we met het verzamelen van 
Leptostemonum soorten in de verschillende Indonesische provincies begonnen startten we 
met een literatuurstudie aan de Radboud Universiteit in Nijmegen. Van oorsprong komen 
veel van deze planten uit Afrika en Zuid Amerika en we raadpleegden daarom literatuur om 
informatie te verzamelen over wanneer, en hoe, ze in Zuidoost-Azië geïntroduceerd en 
vervolgens beschreven zijn. In het verleden, en ook meer recent, publiceerden botanici al 
overzichten van soorten die bij het subgenus Leptostemonum behoorden. De eerste die de 
aubergine in Indonesië beschreef was Rumphius in 1747 en van recentere datum is het werk 
van Symon gepubliceerd in 1985. Vaak werden in de publicaties dezelfde planten door 
afzonderlijke auteurs verschillend benaamd wat leidde tot ontstaan van talrijke synoniemen 
(Hoofdstuk 1, Tabel 1.1) 
Lester en Hasan publiceerden in 1990 en 1991 hun opvattingen met betrekking tot de 
migratie en verspreiding van aan de aubergine verwante soorten vanuit Afrika naar Azië. Zij 
veronderstelden dat van de Afrikaanse soort S. incanum, onderverdeeld in vier groepen (A-
D), groep C mogelijk via Arabië naar Azië migreerde en de voorouder werd van de 
primitieve S. melongena (Groep E-F, Hoofdstuk 1 en Hoofdstuk 6). Weese and Bohs (2010) 
gebruikten moleculaire merkers om deze veronderstelling en de relatie tussen S. incanum en 
S. melongena te bevestigen (Hoofdstuk 1 en Hoofdstuk 6). Nadat ons onderzoek was 
afgerond publiceerde Knapp et al. in 2013 een studie waarin S. insanum verondersteld wordt 
de voorouder van S. melongena in Azië te zijn. 
Ter voorbereiding van het veldwerk in Indonesië (Hoofdstuk 2) is een lijst 
samengesteld van morfologische kenmerken om de verschillende Solanum soorten te kunnen 
onderscheiden. In de lijst zijn bloem- en vruchtkenmerken opgenomen. Leptostemonum 
soorten zijn vaak stekelig met stekels op de stengels, blad en kelk. Ook deze kenmerken zijn 
in de lijst terug te vinden.  
Om de lokale bevolking, in de dorpen of op de markt, te interviewen hebben we een 
vragenlijst gemaakt met betrekking tot het dagelijks gebruik van de planten. 
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We bezochten 12 locaties verspreid over 7 eilanden en verzamelden in totaal 372 
accessies (vruchten/zaden/stengels) die, naar we veronderstelden, 12 verschillende soorten 
vertegenwoordigden. Daarna zijn de accessies op een landbouwkundig onderzoeksinstituut 
in Lembang met behulp van verschillende morfologische kenmerken nader bekeken en 
konden onze planten voorzien worden van een definitieve naam (Hoofstuk 3). Solanum 
incanum en S. insanum zijn soorten die moeilijk van elkaar te onderscheiden zijn en daarom 
konden we de planten niet met zekerheid op naam brengen. We hebben besloten ze S. 
incanum/insanum te noemen. Van S. melongena verzamelden we de meest accessies, daarna 
gevolgd door S. lasiocarpum. In Hoofdstuk 4 beschrijven we de resultaten van het gebruik 
van moleculaire merkers (AFLP). Accessies van S. incanum/insanum en S. melongena zijn 
niet gescheiden en er is nauwelijks verband tussen de op AFLP gebaseerde clusters en de op 
morfologische kenmerken gebaseerde clusters in Hoofstuk 3. Eveneens was er weinig 
overeenkomst tussen de herkomst van de accessies (plaats / eiland) en de AFLP clusters. 
Een experiment waarin we, met behulp van AFLP, accessies van alle verzamelde 
soorten analyseerden bevestigde nogmaals het gemengd voorkomen van S. melongena en S. 
incanum/insanum (Hoofdstuk 5). In dit geval groepeerden de meeste accessies in een voor 
de soort specifiek patroon met, inderdaad, als uitzondering de S.
melongena/incanum/insanum accessies. Dit soort specifiek patroon kwam echter niet geheel 
overeen met de structuur van de secties waartoe de soorten behoren. De meest opmerkelijke 
resultaten van dit proefschrift worden bediscussieerd in hoofdstuk 6. 
Tot op heden is onze collectie in Indonesië van Leptostemomum accessies, en die van 
de aubergines in het bijzonder, de grootste in haar soort. De collectie voorziet ons van zeer 
interessant nieuw plantmateriaal dat getest kan worden op tolerantie voor biotische en 
abiotische stressomstandigheden. Ook kunnen de accessies gebruikt worden in 
veredelingsprogramma’s voor de productie van verbeterde en nieuwe commerciële 
aubergine lijnen. 
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Studi Diversitas Terong Indonesia 
Terong adalah salah satu tanaman sayuran anggota marga (Genus) Solanum, dalam keluarga 
(Family) Solanaceae, yang cukup banyak dikenal di berbagai daerah di Indonesia. Menurut 
data Food and Agriculture Organization (FAO) pada tahun 2016, Indonesia termasuk ke 
dalam sepuluh negara produsen terong terbesar di dunia dengan produksi sebesar 509,749 
ton per tahun. Selain dimanfaatkan sebagai komoditas sayuran, terong juga diketahui 
memiliki manfaat untuk pengobatan tradisional. Beberapa spesies kerabat terong seperti 
terong manggis (S, macrocarpon), terong Afrika (S. aethiopicum), takokak (S. torvum) dan 
terong asam (S. lasiocarpum) juga dimanfaatkan di berbagai daerah di Indonesia untuk 
pangan. Tanaman tersebut dibudidayakan di beberapa derah di Indonesia, namun dalam 
skala kecil dan kurang popular ditemukan di pasaran. 
Penelitian ini merupakan bagian dari proyek INDOSOL, program kerjasama 
penelitian antara Indonesia dan Belanda yang didanai oleh The Royal Netherlands Academy 
of Arts and Sciences (KNAW). Tujuan dari penelitian ini adalah untuk mempelajari diversitas 
(keragaman), distribusi dan penggunaan terong beserta kerabat liarnya yang termasuk dalam 
subgenus Leptostemonum. Naskah tesis ini terdiri dari 6 bab. Bab 1 merupakan bab 
pendahuluan yang menguraikan secara umum mengenai arti penting keluarga Solanaceae, 
taksonomi subgenus Leptostemonum, sejarah penyebaran terong dan kerabat liarnya, serta 
nilai ekonomi terong beserta kerabat liarnya di Indonesia. 
Kegiatan koleksi sebagaimana diuraikan pada Bab 2, dilakukan di 12 provinsi pada 
sebanyak 7 pulau di Indonesia, yaitu Sumatra, Jawa, Kalimantan, Sulawesi, Lombok, 
Sumbawa dan Timor.  Dari kegiatan ini, berhasil diinventarisasi sebanyak 372 aksesi yang 
meliputi 12 jenis Solanum dalam subgenus Leptostemonum. Dalam kegiatan koleksi tersebut 
juga dipelajari bagaimana tanaman tersebut dimanfaatkan oleh masyarakat lokal, baik untuk 
pangan maupun keperluan lainnya. Karakterisasi dan identifikasi secara morfo-agronomis 
(Bab 3) dari 171 aksesi terong dan 8 jenis lainnya yang diperoleh dari hasil kegiatan koleksi, 
dilakukan di Balai Penelitian Tanaman Sayuran (Balitsa) Lembang.  
Benih hasil panen dari kegiatan tersebut selanjutnya ditanam di fasilitas rumah kaca 
Experimental Garden, Radboud University Nijmegen, Belanda untuk diambil sampel DNA 
bagi kegiatan karakterisasi secara molekuler. Karakterisasi molekuler dilakukan pada aksesi-
aksesi terong (Bab 4), dan terong beserta kerabat liarnya (Bab 5) dengan menggunakan 
marka Amplified Fragments Length Polymorphism (AFLP). 
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